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Abstract 
The timing organization of phonological durational contrast is known to be one of 
the most challenging areas in the acquisition of Japanese phonology (Sugito 1989; 
Muraki and Nakaoka 1990; Han 1992; Toda 1994). This study examines the 
acquisition of timing control and perceptual categorization of the durational contrast in 
Japanese, and aims to contribute to second language acquisition theory from the 
viewpoint of interlanguage phonology. 
Acoustic techniques were used to investigate the mechanisms of learners' speech 
perception and production. In order to capture the acquisition processes and the 
developmental factors in the formation of interlanguage phonology, both cross-
sectional and longitudinal experiments are conducted with different groups of learners 
at various proficiency levels, and the results were compared with those of native 
. speakers. 
The processes such as first language transfer, overexaggeration and phonetic 
approximation are observed in the learners' speech production. The acoustic 
observation revealed what has been claimed as genetically innate Universal Grammar 
(Chomsky and Halle 1968) pertaining to voice onset time, which is clearly observed in 
Japanese native speakers speech, is not operative in beginning learners' speech 
production. On the other hand, it is operative in advanced learners' speech which 
shares similarities with that of native speakers. The experimental results reported in 
this dissertation reveal crucial theoretical insufficiency concerning the "universal 
principle". This supposedly universal theory concerning voice onset time, should not 
be restricted to a specific language, runs into difficulties in explaining the reasons why 
this property does not show up with learners' speech production during the initial 
stages, but does show up later at more advanced stages (i.e. it is developmental, but 
not universal). 
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Variations in learner strategy were also discussed to propose a typology of learner 
strategies. Particularly, syllable modification strategy provided us some insight to the 
interlanguage syllable structure. 
The findings of this study lead us to question the common assumption that the 
acquisition of geminate stops is a major problem for learners of Japanese (Han 
1992). The experimental results obtained in this study reveal various aspects which 
demonstrate that this assumption does not give a full understanding in respect of 
learners' problems. For example, at the level of speech production, the problem of 
underdifferentiation is often caused by the longer duration of a single intervocalic 
stop, rather than the shorter duration of a geminate intervocalic stop. This problem 
would not have been discovered if the observations were only based on the ratio 
analyses of the durational contrast. 
The longitudinal study provides various findings which are unique only to the 
longitudinal observations. For example, this study finds that the perceptual boundaries 
are not modified throughout the year, although the degree of perceptual categorization 
improved over one year (thus the degree of uncertainty involved in their perceptual 
judgment decreased). The crucial problem is that the learners established an inaccurate 
perceptual target, and their perceptual judgment gradually became more accurate in 
relation to their inaccurate perceptual target. This finding suggests that, unless 
learners' perceptual boundaries become similar to those of native speakers, their 
improvement in categorical perception alone cannot be regarded as acquiring native 
speakers' norms. 
Additionally, experiments were conducted to apply the implications of the research 
findings to teaching situations, and to investigate the extent to which instruction can 
facilitate the natural processes of second language acquisition. A pronunciation lesson 
was given to learners, and the results were compared before and after the lessons 
concerning both speech perception and production. Some improvements were 
observed in certain, but not all, areas. The details of the improvement, and the reasons 
why this did not occur in certain areas are discussed. The results demonstrate that it is 
6 
important for instructors to emphasise the appropriate timing control for learners, 
rather than just focussing on making a clear differentiation of the durational contrast in 
the classroom. 
Finally, three areas of second language acquisition research, which are worth 
investigating for their likely contribution, are suggested for future study. 
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Chapter 1 Introduction 
1.1 Background to interlanguage research 
In the last two decades, interlanguage (IL) research has developed as a new 
conceptual framework in second language acquisition (SIA) research. Language 
acquisition research has gone through different stages. From the 1940s to the 1960s, 
research was dominated by the contrastive analysis hypothesis (CAH). Researchers 
were motivated by statements such as: 'The most efficient materials are those that are 
based upon a scientific description of the language to be learned, carefully compared 
with a parallel description of the native language of the learner' (Fries 1945:9). Within 
the research framework based on CAH, it is assumed that comparison between the 
learners' first language (Ll) and the second language (L2) or the target language is a 
crucial key to predicting the areas and degrees of difficulties that learners will find in 
their learning, and also the errors they are likely to make. 
Lado (1957) established the view that ease of learning was largely due to positive 
transfer and difficulty was attributed to negative transfer: 
.. .in the comparison between native and foreign language lies the key to ease or difficulty 
in foreign language learning .... (1957: 1) 
We assume that the student who comes in contact with a foreign language will find some 
features of it quite easy and others extremely difficult. Those elements that are similar to his 
native language will be easy for him and those elements that are different will be difficult. 
(1957:2) 
This view shares a similarity with a comment by Weinreich (1953): 
The greater the difference between two systems, i.e. the more numerous the mutually 
exclusive forms and patterns in each, the greater is the learning problem and the potential area 
of interference. ( 1953: 1) 
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It was found, however, that L2 learners also made errors which could not be 
attributed to Ll interference. For example, based on data obtained from 145 Spanish-
speaking children learning English, Dulay and Burt (1973) found that only 3% of the 
syntactic errors were attributed to Ll interference while 85% of the errors were 
developmental. Such findings showed the limitations of a strong version of CAH. 
CAH certainly predicted some errors, but not all. 
Consequently, a distinction between a strong version and weak version of the CAH 
was suggested by Wardhaugh (1970). In the weak version, researchers first observed 
errors made by learners and tried to explain those errors referring to the differences 
and similarities between the learners' Ll and L2 or the target language. This approach 
is known as error analysis and is different from the strong version of CAH which 
assumed that learners' errors in L2 or the target language could be predicted based on 
an a priori contrastive analysis of the Ll and the target language. 
Error analysis; however, was criticised and fell into disfavour for a number of 
reasons (Schachter and Celce-Murcia 1977). Research findings demonstrated aspects 
of language acquisition which were not captured by error analyses. Larsen-Freeman 
and Long (1991:61) state: 'By focusing only on errors, researchers were denied 
access to the whole picture. They studied what learners were doing wrong, but not 
what made them successful. Furthermore, it was often difficult, if not impossible, to 
identify the unitary source of an error.' For example, Schachter (1974) reported that 
Japanese and Chinese learners of English made fewer errors in relative clauses than 
Spanish and Persian learners. This result goes against predictions based on an a priori 
contrastive analysis of the Ll and the target language. The reason behind this result 
was that Japanese and Chinese learners avoided using English relative clauses because 
they were aware that English relative clauses were difficult for them. Error analysis 
alone does not account for the avoidance of English relative clauses by L2 learners, 
and thus fails to capture areas of difficulty which L2 learners come across. 
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Instead of just focussing on errors L2 learners make, researchers started to analyse 
L2 learners' performance. Some longitudinal studies were conducted, and these 
studies made their contribution to the finding of developmental sequences. Another 
area of inquiry was an investigation of learner strategies. This type of analysis is 
called a performance analysis. Through the observation of developmental sequences, 
researchers found that the developmental sequences of L2 learners shared similarities 
with those of child learners acquiring the same language as an LL For example, Milon 
( 1974) found that a Japanese child followed a similar pattern of English negation 
produced by children acquiring English as an LL 
It was also found that many language learners who had different Lls showed 
similarities in their learning behaviours. Their errors were not predicted in terms of 
language transfer from their L 1, but were often similar to errors made by child 
learners of their mother tongues. These findings provided support for the assumptions 
. of universalist linguistic theory. For example, Tarone (1972) claimed a universal 
tendency towards open syllables: in h~r view, CV is a basic unit in all languages 
(according to Tarone, for both production and perception) and learners tend to break 
complex syllable structures into simple CV units regardless of their LL 
In order to investigate the nature of learners' language acquisition, the concept of 
IL has been introduced and developed in the area of SLA research. The underlying 
assumption of IL research is that learners' language is an entirely functional linguistic 
system, which is independent of both learners' Ll and the target language. The errors 
made by learners are systematic, and are useful indicators of their levels of 
competence. This conceptual framework has allowed us to observe various aspects of 
the unique characteristics of L2 learners' language. This is not to claim that Ll 
interference is unimportant; it clearly is, and Ll interference upon IL is much more 
prominent at the level of phonetics and phonology compared with that of morphology 
or syntax (Felix 1980; Odlin 1989). 
Corder (1971) considers learners' language as a set of idiosyncratic dialects and 
calls them 'transitional dialects'. Nemser (1971a) calls it an 'approximative system'. 
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The term 'interlanguage', which is currently most widely used, was first introduced 
by Selinker (1972). Despite this difference in terminology, the basic concept referred 
to is more or less the same. The basic concept which is common to all of these terms 
is that the learners' language is not the same as their Ll or the target language, but is a 
dynamic continuum which should be treated as an independent linguistic system. They 
all regard learners' activity as a creative process, rather than a set of processes initiated 
by L 1 transfer. 
Corder's (1971) notion of transitional dialects is illustrated as a system which is 
distinct from both Ll and target language (TL) in Fig. l. 
Ll IL TL 
Fig. l IL as a transitional system between Ll and TL (Corder 1971) 
IL is also seen as a self-restructuring or self-recreating continuum (Corder 1978). 
Restructuring refers to the process whereby learners gradually substitute the target 
language for their Ll rules, assuming that the starting point of SLA is the Ll. 
Recreating refers to the stage where the learner starts learning the target language by 
using a simple system which is independent of the Ll. According to Ellis (1990:51): 
'Most interlanguage theorists see interlanguage as a recreating continuum, although 
they do not eliminate the possibility of transfer.' 
While a great deal of work has been conducted on syntactic and morphological 
aspects of SLA, investigations of IL phonology off er relatively limited data compared 
to those of other areas of IL research. Even now the number of empirical works 
which investigate aspects of IL phonology through acoustic data using instrumental 
techniques remains limited: 
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The phonology of interlanguage is an area which was largely neglected by second language 
acquisition research until very recently. There seemed to be very little interest in the 
pronunciation patterns of the speech of second language learners. When Schumann summarized 
existing second language acquisition research in 1976, he found absolutely no studies on the 
phonology of interlanguage (Tarone 1978). 
In the history of SLA research, a great deal of attention has been paid to grammatical 
domains of language acquisition (morphology/syntax), yet until the last decade, the acquisition 
of L2 phonology remained relatively neglected (Enomoto 1992). 
One reason why research on IL phonology has not attracted much attention could 
be the assumption that pronunciation is largely influenced by the speaker's native 
language, thus the results obtained from the data are uninteresting. This is not at all 
true. As Tarone ( 1978:70) points out: 'the research which has been done in this area 
quite clearly shows that transfer is only a part- and often a small part- of the influence 
on interlanguage phonology.' Another reason may have been the amount of difficulty 
involved in the research methodology and the accessibility of acoustic instruments. 
Recent developments in acoustic techniques, however, have allowed many 
researchers to investigate acoustic-phonetic characteristics of the processes involved in 
language acquisition, adding a new dimension to IL research. For example, 
identifying acoustic differences in French It/ and /u/ between native and English 
speakers (Aege 1981, 1984) is only made possible through acoustic quantification of 
voice onset time (VOT) and formant frequencies. More acoustically-based research 
needs to be conducted to examine the phonetic details in order to obtain a deeper 
understanding of the nature of IL phonology. 
Studies of IL phonology seem to have taken two major directions, the first 
perspective emphasising Ll transfer, and the second universal tendencies. The former 
originated in CAH (Lado 1957). Though not framed in a strict version of CAH, some 
recent works demonstrate that learners' linguistic experience of Ll in some way 
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influences the acquisition of phonology in L2 (Flege 1979b, 1980, 1981, 1984, 
1987bd; Flege and Hillenbrand 1984; Odlin 1989, Kuhl 1993; Toda 1994, 1995ab). 
Whereas the strong version of CAH claims that differences between Ll and L2 can 
predict areas of difficulties learners encounter, the weak version of CAH holds merely 
that differences can account for some errors they are likely to make. 
The second approach originated in the structuralist tradition associated with 
Jakobson's (1968[1941]) theory of the acquisition of phonological contrast. Within 
the framework of generative phonology, the universalist/nativist approach proposed 
by Chomsky and Halle ( 1968) and the theory of Natural Phonology (Stampe 1969) 
presented sets of rules which are based on a proposed universal hierarchy of 
phonological acquisition. The markedness differential hypothesis (MDH) proposed by 
Eckman (1977) provides an alternative model to CAH, relating the notion of 
typological markednessl to relative degrees of difficulty (which is independent of Ll 
and thus universal). Furthermore, Fellbaum (1986) proposed a revised version of 
MDH to account for the acquisition of alluphones. Phonetic universals which are 
based on human articulatory constraints have also been investigated in the domain of 
experimental phonetics (Lisker and Abramson 1964; Ohala 1974, 1980), although 
there is no set of empirical outcomes which accurately predicts various aspects of 
phonological output. 
Language transfer and universal theory seem to be in many ways conflicting 
theoretical approaches, both in terms of their perspectives and also from the viewpoint 
of their historical backgrounds. Presently it is known that neither language transfer nor 
universal theory alone provides a complete account of the processes of language 
acquisition, and in fact, various processes from both of these domains have been 
claimed as operative in the formation of IL phonology (Tarone 1978). 
1 Typological markedness is defined in Eckman (1977:320) as "[a] phenomenon A in some 
language is more marked than B if the presence of A in a language implies the presence of 8, but the 
presence of B does not imply the presence of A". 
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is to 
(1 
1. 
(Johansson 1973) 
approximation (Johansson · Nemser 197lab) 
5. avoidance (Celce-Murcia 
The extent to which phonological transfer and universal phonetics operate 
shaping IL has not yet been defined. Further investigation both dimensions will lead 
to a more thorough understanding of the nature of the processes which take place in 
shaping 
or 
and production acquisition processes has not been investigated. 
of addressed questions on aspects phonology based on 
either production, such as informative discussions of English-Japanese syllable 
structure by Tarone (1980) and Sato (1984), or perception, such as the degree 
categorical perception of durational contrast in Korean-Japanese IL (Min 1987), 
English-Japanese IL (Hirata 1988, 1990b; Enomoto 1992) and Chinese-Japanese IL 
(Uchida l 993a). 
Aege (1981, 1984) hypothesises that a foreign accent is not entirely due to 
difficulties involved at the level of speech production, but also to the cognitive 
mechanism of categorizing the sound in the target language as a part of an already 
existing category of the speakers' LL For example, if English learners of French 
identify French /ti as belonging to the same category as English /ti, then they produce 
French /ti with a relatively long VOT. This hypothesis also applies to the production 
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of French vowels. Despite the differences in the acoustic signals between the English 
and French /u/, mental representations of French /u/ by English learners tend to be 
related to English /u/. As a result, it is difficult for French listeners to distinguish /y/ 
and /u/ spoken by English-speaking learners of French. This is the so-called 
'equivalence classification' (Flege 1987d) which causes the development of inaccurate 
perceptual targets. Equivalence classification is based on the assumption that learners' 
cognitive processes are influenced by previous experience when acquiring new 
information (Schults 1960; Ausubel et al. 1978). Although 'equivalence classification' 
alone does not account for the entire picture of foreign accent, the contribution of 
these studies is that they emphasise the role of perception in L2 acquisition research. 
The recent model of perceptual assimilation (Best 1992; Best and Strange 1992) 
introduced the degree of category goodness that L2 learners can perceive and judge 
how the given L2 stimuli fit into their Ll category. It assumes the following four 
patterns of perceptual assimilation (Best and Strange 1992:306) : 
1) the two members of the non-n~tive contrast may be assimilated into two 
categories in the native phonology 
2) both non-native phones may be assimilated equally well (or poorly) into a single 
category 
3) both may be assimilated into a single category, but unequally, thus showing a 
category goodness difference in their fit to the native phoneme 
4) the non-native phones may differ so much from the phonetic properties of native 
phonemes that they are non-assimilable. 
This model differs from Flege's model of equivalence classification from the 
respect that it does not assume a given L2 stimuli to be either fully classified as an 
equivalent of a LI phoneme category, or not to be equated at all. Consequently, the 
focus of perception research has shifted towards addressing questions concerning the 
ways in which L2 contrast are perceived, rather than whether or not the perceptual 
pattern is categorical or continuous. 
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it is accepted perceptual ability precedes speech 
production, although there are some studies which argue that may precede 
perception in the differentiation of Ill and Japanese (Goto 1971; Sheldon and 
Strange 1982). To the best of my knowledge, however, no previous studies appear to 
provide any empirical evidence which accounts the interrelations between 
production and perception in the process of acquisition of L2 phonology. 
Additionally, there are very few detailed acoustic observations concerning 
phonology been gathered on a longitudinal basis. 
advantage less 
cross-sectional studies 
same 
are not 
not represent 
progression of same informants over generalization cross-sectional 
studies been questioned (Reichardt and Cook 1979; Cook 1986; Larsen-Freeman 
and Long 1991). 
This study uses both cross-sectional and longitudinal data. Through longitudinal 
data, developmental changes in the learners' speech production and perception are 
examined as their levels of proficiency increase. Cross-sectional studies are also 
undertaken with larger groups of subjects, supplementing the relatively smaller group 
of subjects who participated in the longitudinal study. 
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Current phonology 
frameworks: one emphasises transfer which negative 
interference); the other claims universal tendencies.2 this dissertation, 
experiments were conducted to investigate further the domain of phonetic universals 
and of language transfer in the formation of English-Japanese 
2) to investigate perceptual mechanisms 
order to investigate the mechanisms by listeners perceive durational 
contrast Japanese, a set of computer-edited stimuli was created. The differences 
at are 
IS 
categories amongst these groups are not 
regard to the domain speech production, this study focuses on the acoustic 
investigation timing organization learners manipulate 
segment duration in the phonetic realization of phonological long/short contrasts are 
observed, and syllable modification strategies observed learners' IL syllable 
structure are discussed. Moreover, observations are made in order to examine how 
characteristics of learners' perceptual mechanisms interrelate with those of their 
speech production. 
4) to examine developmental changes in IL phonology 
-------------
2 'Universal' used in this dissertation follows the definition in Ioup and Weinberger (1987:420) "A 
cross-linguistic phonological pattern which has a high probability of occurrence, though it may admit 
exception. Many of these universals derive from the specific properties of the human articulatory and 
perceptual systems". (e.g. VOT increases as the place of articulation moves toward the back.) This 
definition of universalness, however, does not necessarily apply in the learners' speech production in 
the same way as native speakers of their target language. 
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Cross-sectional experiments were conducted with groups of beginners and 
advanced learners in order to compare them with a group of NS. A further group of 
learners participated in a longitudinal study from beginning to intermediate stages. 
Observations are made on developmental factors in the formation of IL phonology. 
5) to observe variations in learner strategies3 
The variety of learner strategies used to make long/short contrasts in Japanese is 
observed in order to draw some generalizations concerning variations in learner 
strategies, although the individual learner's acquisition process of L2 phonology may 
vary in a number of ways. This study aims to propose a typology of learner strategies 
in speech production. 
6) to off er some insights for language teachers 
A further important reason for conducting IL research is to apply the research 
findings to improve teaching methodology. According to Han (1992: 102), 'Students 
of Japanese as a foreign language are puzzled and frustrated as they are repeatedly 
corrected on the pronunciation of geminate consonants. Experienced instructors know 
that the timing control of geminate consonants in Japanese is one of the most difficult 
phonetic skills for the students to master.' 
Experiments were conducted to examine the extent to which efficiently taught SLA 
facilitates the natural processes of L2 acquisition. A pronunciation lesson is given to a 
group of students, and the results of perception and production tests are examined 
before and after the lesson. 
1.4 Organization of the study 
This thesis consists of eight chapters. This first introductory chapter has specified 
problems in the research area and identified the goals of the study. 
Chapter 2 discusses previous works related to Japanese timing organization. The 
chapter first introduces the mora, an important concept in dealing with Japanese 
3 The term, variation, is often used to refer to sociolinguistic variations; for example, formal and 
informal context (Schmidt l'fl7; Beebe 1980). In this study, however, variation does not refer to any 
sociolinguistic context. 
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on 
mora, 
contrasts IS 
a 
Japanese. 
Chapter 4 examines the timing organization Japanese 
speech production. This section investigates the processes which are involved the 
shaping of phonology of Japanese. This is then followed by a discussion of the 
interrelation between characteristics of English-Japanese phonology and those of 
speech perception described in Chapter 3. 
In Chapter a longitudinal study is conducted with a of learners 
undergoing language presents findings 
during one 6 deals 
7 text is 
,..,..,,,.,u,,., to test the extent to 
can improve learners' and This is an chapter 
relates the issues discussed the previous chapters to teaching situations, 
determining the effects of different teaching methodologies upon learners' 
performance is beyond the scope of this dissertation. 
The final chapter presents a summary of the major results of the study, followed by 
an overall discussion. 
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mora is 
mora. 
The aim is to discuss some features the 
organization Japanese. It consider issues raised the previous 
including studies on the acquisition of timing organization and perception of durational 
contrast by non-native speakers (NNS) of Japanese. Against the background of this 
material, the chapter is then followed by the data obtained present study. 
Phonological concept mora 
1.1 mora 
to 
languages are ( 
(1967) classified languages two categories: 'stress-timed' 
depending on whether a given language is or lexical stress. 
Japanese was first classified category (Hockett 1955). Later, a 
category, 'mora-timed', was distinguished 'syllable-timed' languages 
(Ladefoged 1982[1975]) and Japanese was reclassified as a mora-timed language.4 
The concept of mora is found in the work of Trubetzkoy ( 1969[ 1939]), a linguist of 
the Prague School, who drew distinctions between 'syllable-counting' and 'mora-
counting' languages. Trubetzkoy considered the way in which long syllable nuclei 
were treated in the phonological analysis as the key to this distinction: 
The interpretation of long syllable nuclei as geminated, or in terms of multimember 
constituency in general, may be regarded as an 'arithmetic conception of quantity'. Languages 
4 According to Y oshiba (1983), J. W.Donaldson was the first person to use 'mora' in his book 
Greek Grammar ( 1848). 
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in which this finds are since in these 
unit does not coincide with the (1969: 
languages 
English, 
as Japanese and are 
and Dutch are 'syllable-counting' languages. 
Trubetzkoy's terms, the smallest prosodic unit of a language is called a 
'prosodeme'; the prosodeme of a syllable-counting languages is a syllable and that of a 
morn-counting language is a mora. The prosodeme is differentiated in a syllable-
counting language by intensity, and a morn-counting language by pitch. Therefore, 
according to this system, accent of syllable-counting languages is defined in terms of 
intensity, while of mora-counting languages is defined terms of pitch. 
(1 
is often to morn. Ladefoged 
Japanese as 
Probably one of the most interesting languages in the way that it uses length is Japanese. 
Japanese may be analysed in terms of the classical Greek and Latin unit called a mora. A mora 
is a unit of timing. Each mora takes about the same length of time to say. (1982[1975]:226) 
In this view, the phonological concept of mora is directly related to duration, 
which is a phonetic property. The isochronous aspect of the mora can also be 
extended to word-level duration (Ladefoged 1982[1975]): 
The most common type of Japanese mora is formed by a consonant followed by a vowel. 
Japanese words such as [kakemono] (scroll) and [sykiyakil (beef stew) each consist of four 
morae of this type. Note that in the latter word the high vowel /u/ is voiceless because it 
occurs between two voiceless consonants; but it still takes about the same length of time to 
26 
say as do the vowels in the other Another of morn is vowel itself, as in the 
word This word has two morae, each of which takes about the same of 
time to say. A consonant cannot occur after a vowel within a mora, but it too can form a mora 
itself. The word must be divided into four morae p po it 
has two the same 
or [sl.}k:iyak:i]. (1982[1975]:226) 
The importance of duration the definition of mora been 
emphasised, as seen Hockett's (1955:59) earlier claim that mora is 'defined 
fundamentally in terms of duration and nothing else•.5 
In traditional Japanese grammar, the temporal system has long been claimed as 
being governed by mora timing (Bloch 1942; 1955; 1960; 
Kindaichi 1967). basic constitutes one mora is orV. example, 
is morae.7 
not seem to 
however, to treatment a phonological category 
phonetic values of the special consonantal morae are predictable terms 
assimilation with the consonants which follow. Phonetically speaking, /Q/ is 
realized as [p], [t], [k], [s], [J] or [tf]; /NI as [n], [m], or [N] depending on the 
environment.8 IN! can appear word-finally, and it can be realized as [N] such as 
[paN] for 'bread'. It may also be realized as a nasalised version of the preceding 
5 Later Lehiste ( 1977) reconsidered the definition of isochrony, and the distinction was drawn 
between phonetic isochrony and perceptual (psychological) isochrony. 
6 The system of romanization used in the text is the Hepburn system. 
7 Both morae and moras are widely used as a plural form of mora. 
8 Despite the phonetic differences, all moraic obstruents are written as a small 'tsu' and all moraic 
nasals as an 'n' in kana orthography. Japanese NS seem to regard all sounds written in the same kana 
orthography as one unit. According to J. Tsuchiya (personal communication), some Japanese NS who 
do not have a linguistics background consider that moraic [s] in issho [iJfo] 'together' in Japanese is a 
silence, which is the same as stop consonant [k] in ikko [ikko] 'one (small miscellaneous object)'. 
They do not recognize the fact that the [s] is a continuum of a fricative noise, and tend to feel that 
there is a silent closure period in [iJfo] just the same way as in [ikkoj. 
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vowel, [paa], or a nasalisation of the preceding vowel, [pa]. The former ([paN]) 
tends to occur in careful speech while the latter ([paa] or [pa]) in less careful 
speech. IN/ also occurs before a vowel or semi-vowel such as /teNin/ 'shopkeeper' 
or /koNwaku/ 'confusion'. In this situation, IN/ is a nasal sound which is 
assimilated to the following sound such as [te"iin] and [kowwaku]. 
Arisaka (1957) was one of the first Japanese linguists to suggest a distinctive 
treatment between the 'phonetic syllable' and the 'phonological syllable'. In order to 
analyse Japanese phonology, he claimed that it was necessary to have a unit 
'phonological syllable', which was distinct from the so-called 'syllable' in Western 
literature (Arisaka defined this as 'phonetic syllable'). Hattori ( 1960) then suggested 
a distinction between the syllable and the mora. 
Another important claim that Hattori ( 1960) made was that the phonetic duration 
~f utterances was determined by the number of morae, which is the same as the 
description by Ladefoged (1982(1975]) mentioned previously. According to his 
claim, Nippon 'Japan' can be divided as niQ-poN or ni-Q-po-N and therefore has 
two syllables or four morae. The duration of all the two-mora items shown below is 
supposed to be identical: 
1. [koto] 
2. [ko:] 
3. [kolJ] 
/koto/ 
/koo/ 
/koN/ 
cvcv 
cvv 
CVN 
'Japanese musical instrument' 
'turtle shell' 
'navy blue' 
In terms of the number of syllables, however, 1 is the only disyllabic item, while 
2 and 3 are monosyllabic. In other words, Hattori (1960) allows a mismatch 
between the number of morae and syllables. The basic structure of Japanese 
syllables in his view is thus described as /(C)(y)V/, /(C)(y)VV/, /(C)(y)VN/, 
/(C)(y)VQ/. The mora, on the other hand, can be represented as /(C)(y)V/, IN/ and 
IQ/. 
Hattori (1960) argues that a mora is an independent unit which is distinct from the 
syllable, and thus the number of morae does not necessarily correspond with the 
number of syllables. Word duration is mainly determined by the number of morae 
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when spoken in a consistent speech tempo. In this claim, he argues that the 
phonological concept of mora is directly related to phonetic duration. Additionally, 
Hattori (1960) accepts discrepancies between the number of syllables in slow and 
fast speech; he treats a word which contains devoiced vowels such as h.ashi [haffl 
'bridge' as basically a disyllabic expression with two morae, but in fast speech as a 
monosyllabic expression (yet still with two morae). 
Hattori's (1960) suggestion, however, brought confusion to Japanese linguists, 
amongst whom the tradition of treating his 'mora' as onsetsu 'syllable' was already 
established practice (i.e. they had seen no need to distinguish the 'syllable' from the 
mora). In order to avoid this confusion, other scholars adopted different approaches 
to this issue. Shibata (1962) suggested the use of 'syllabeme' for the phonological 
syllable in Hattori's (1960) definition, and 'mora' for the analysis of pitch. 
Kindaichi (1967), on the other hand, suggested calling Hattori's (1960) mora haku, 
adopting a musical term (translated as 'beat' in Vance 1987).9 In Kindaichi's (1967) 
view, each basic ·phonological unit, represented by a single symbol in the kana 
orthography consists of one haku, which is also a basic metrical constituent of 
traditional Japanese poetry.IO Using this concept, Kindaichi (1967) also analysed 
the system of pitch accent in standard spoken Japanese and its various dialects. The 
basis of his analysis is slow, careful speech, in which he claims that each mora has 
equal duration. He treats /ni-Q-po-N/ as an expression with four haku, and all of 
Hattori's (1960) examples given previously, [koto] /koto/, [ko:] /koo/ and [kou] 
/koN/, are treated as words with two haku. 
The above section discussed the syllable and mora. The question is, whether we 
need syllable, mora or both in the analysis of Japanese phonology. In the analysis 
of Japanese accentuation, it is a widely accepted view that both mora and syllable 
9 The term haku is first used by Kamei (1956). Kindaichi (1967) recognized the usefulness of 
Kamei's terminology, and suggested using haku in the phonological description and onsetsu in the 
phonetic description. 
10 Palatalised consonants such as kya, nya are written as a combination of 'ki' or 'ni' with a small 
'ya' in kana orthography and they are also treated as one mora. Thus both ka.-shi-ya 'rented house' and 
ka-sha 'cargo train' are written with three kana symbols (the latter, however, has a small 'ya'), but the 
former has three haku while the latter only has two. 
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are necessary units. Traditionally, it has been claimed that one of the main 
justifications for recognizing the mora as a necessary element in analysing the 
Japanese accentual system is that it is a tone bearing unit. In modern standard 
Tokyo speech, the initial tone is restricted to one-mora length. Thus, the tone 
assigned to the first mora is always different from that of the second mora. There 
are minimal pairs of disyllabic expressions with contrastive pitch patterns, such as 
hashi (HL) 'chopsticks' and hashi (LH) 'bridge', or kaki (HL) 'oysters' and kaki 
(LH) 'persimmon' (H: high tone; L: low tone). However, for most Tokyo 
speakers, there is no pitch rise from L to H across two sonorant mora boundaries 
within a syllable. For example, shimbun 'newspaper' which is phonemicized as 
/siNbuN/ would be pronounced as HHHH rather than LHHH (i.e. L tone is 
assigned to /si/ and an H tone to IN/ within one syllable). Recent instrumental 
studies also show some acoustical data which support the above claim 
(Pierrehumbert and Beckman 1988). 
McCawley ( 1968) analyses accentu~tion in Japanese in terms of pitch while 
incorporating the concept of mora as a unit of phonological distance. In 
McCawley's analysis, the number of morae determines the placement of accent (i.e. 
the mark of pitch fall). The third last mora is the default location of Japanese accent 
and this tendency is shown even in meaningless words or English loan words as 
shown below ( 1968: 133-134): 
[kakikukeko] LHHLL (a line of the kana syllabary) 
pyjamas 
The syllable is also an inevitable notion in Japanese accentuation because the 
accent is only assigned to syllabic units. If the third last mora is non-syllabic, the 
accent is shifted to the previous mora which is syllabic. In other words, two-mora 
syllables always have the accent on the first mora (Shibatani 1990): 
[k6orogi] HLLL cricket 
* [ko6rogi] LHLL 
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This example demonstrates that the mora in isolation cannot account for the 
system of Japanese accentuation without the notion of syllable. Therefore, it can be 
said that both mora and syllable are important in the analyses of Japanese 
accentuation. 
2.1.2 Mora as a metrical unit 
Another characteristic feature of the mora which has been attracting a great deal of 
attention in recent literature is that it plays an important role as a metrical unit in 
traditional Japanese poetry and folk songs.11 Rhythm in Japanese poetry has 
frequently been discussed in the literature on phonology (Bekku 1977; Nakamichi 
1980; Homma 1982; Jooo 1988: Beckman 1994). In recent literature, the bimoraic 
hypothesis proposed by Poser (1990), which claims that a basic Japanese rhythmic 
unit consists of two morae, encouraged researchers to examine the extent to which NS 
treat two mora as one unit. For example, Kurisu (1994) examines the perceptual 
segmentation of words which are extended to six morae, and claims that even-
numbered segmentation (or multiples of a bimoraic foot) in Japanese is supporting 
evidence for the bimoraic hypothesis from the viewpoint of speech perception. 
One of the first linguists to claim an early version of bimoraic rhythm in Japanese 
poems was Bekku (1973; 1977). Then Nakamichi (1980) claimed that the basic 
Japanese rhythmic unit was a takt, a unit consisting of two morae. In his view, four 
takts make an ideal Japanese rhythm. There is either a one- or a three-beat pause at the 
end of each line as shown below in a short poem (tanka), which expresses the 
admiration of Matsushima's (place name) beauty: 
ma.tsu I shi.ma I ya.# I # # I 
a.a I ma.tsu I shi.ma I ya.# I 
ma.tsu I shi.ma I ya.# I # # I 
11 Lehiste ( 1989, 1990, 1994) conducted extensive research on poetic metrics in Estonian, 
Swedish, Latvian, Lithuanian, Faroese, Icelandic, Hungarian and Serbocroatian, and concluded that 
'speakers of different languages behave in very different ways when they produce poetic metres that 
bear the same label and thus may be considered similar (if not identical), and that the differences in 
their productions are related to the prosodic structure of the languages.' (1994:2243) 
31 
( . moraic boundary, I rhythmic boundary, # pause) 
A pause can also occur within an initial bimoraic unit as described in the following 
example in Jooo ( 1988:30). According to Jooo, this initial pause is deliberately used to 
break the repetition of a simple rhythm, as shown in the famous poem by Basho 
Matsuo: 
fu.ru I i.ke I ya.# I## I 
#.ka I wa.zu I to.bi I ko.mu I 
mi.zu I no.o I to.# I # # I 
Initial pause 
Without an initial pause, the rhythm of this poem could be reinterpreted as follows: 
fu.ru I i.ke I ya.# I # # I 
ka.wa I zu.# I to.bi I ko.mu I 
mi.zu I no.o I to.# I # # I 
Some NS may feel that one is more acceptable than the others. It seems that a great 
number of idiosyncrasies are also involved in the treatment of metrical boundaries 
between two consecutive bimoraic units. This area requires further investigation. 
The basic concept of the bimoraic rhythm is applied in the pronunciation lesson 
conducted in Chapter 7. 
2.2 Acoustic investigations on mora 
2.2.1 Phonetic isochrony of mora 
In recent years, research interest in the mora hypothesis has increased, and a 
number of phoneticians have examined the phonetic reality of the mora. Through 
acoustic observations, it has been found that the strict version of the mora 
hypothesis, which claims that each mora is strictly isochronous, does not capture 
the phonetic reality (Beckman 1982b; Hoequist 1983ab; Port et al. 1987; Toda 
1991). It is also known that syllable duration in Japanese speech is not strictly 
proportional to the number of morae in the syllable (see 2.2.2 for further details). 
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In the strict version of the mora hypothesis, the duration of the first half of 
geminate consonants needs to be one mora length. An alternative to the strict 
version of the mora hypothesis is a weak version. In the case of a single [k] (e.g. 
iken 'opinion') and a geminate [kk] (e.g. ikken 'one (house)'), if the duration of the 
[kk] is more than twice that of the [k], it means that the [kk] is not merely the 
equivalent of a geminated single [k] (i.e. [kk]>[k]x2). This means that there must 
be a larger unit, namely a 'moraic unit'. Beckman (1982b:l 18) claims that moraic 
consonants need 'only to be longer than the consonants in the CV syllable'. Also, 
Vance (1987:71) suggests that 'as long as the average duration of a phonetic long 
stop is significantly longer than twice that of a short stop, we can maintain the 
weaker claim'. 
2.2.2 Acoustic evidence for the mora hypothesis 
While the phonetic reality of a strict version of the mora hypothesis has been 
questioned, it was found that some phenomena were difficult to account for if the 
concept of mora was not accepted as an abstract timing unit in the phonology of 
Japanese. The supporting phonetic evidence for the mora hypothesis presented in 
previous works (Han 1962, 1992, 1994; Port et al. 1980, 1987; Homma 1981; 
Bradlow et al. 1995) consists of three main categories: segmental duration, the domain 
of temporal compensation, and the relationship between word duration and the number 
of morae. The following section deals with these three categories. 
Firstly, the early work of Han (1962) provided some phonetic evidence to support 
the mora hypothesis in terms of segmental duration. She claims that 'the duration of 
short and long consonants is, on average, in the ratio of 1.0 to 2.6 and often 1.0 to 
3.0.' It appears that these ratios successfully support the mora hypothesis as the 
duration of long consonants is more than twice that of short consonants. Han also 
demonstrates that, when vowel deletion occurs, the duration of voiceless obstruents is 
longer (due to temporal compensation) than the duration of the prevocalic obstruents in 
CV when the vowel is maintained. 
33 
Beckman ( 1984), on the other hand, examined voiceless obstruents where following 
high vowels (Ii/ and /u/) were devoiced, and argued against Han's claim that the 
duration of a deleted vowel was taken up by the preceding syllabic consonant. In 
Beckman's data, a CV mora with a devoiced vowel and a moraic voiceless obstruent 
are not as long as CV mora. She consequently argued against the phonetic reality of 
mora pertaining to syllabic consonants as follows: 'the fact that they are not 
consistently longer is enough to disprove even the weaker prediction of the mora 
hypothesis in respect to compensatory lengthening with vowel deletion' ( 1982: 120). 
Later, Port et al. (1987) argued against Beckman's view, on the basis that the mora 
hypothesis was valid at the word level (see below). 
Han's (1992) reexamination of closure duration and VOT of geminate and single 
stops shows that on average, the closure duration of geminate stops is 2.8 times as 
long as that of single stops: 'Individual differences and contextual factors cause the 
geminate/single ratios to vary between 2.5: 1.0 and 3.2: 1.0.' Thus Han (1992) 
confirms her 1962 results. 
The results obtained in Homma (1981) also support Han (1962) by referring to 
the ratiooflong and short consonants being as large as 3:1. Homma's (1981:279) 
results concerning consonant closure duration are as follows: 
(1) Closure duration was longer for voiceless stops than voiced ones. 
(2) Closure duration for labials was longer than apicals and velars. 
(3) The ratio of closure duration between single stops and geminated stops was about 1:3. 
This ratio implies that the duration of geminated stops is not only doubling the stop segment 
but also including the length which corresponds to a larger unit, namely a mora, as Han pointed 
out. 
Thus, Homma's (1981) results are similar to those of Han's (1962), as far as 
consonant closure duration is concerned, as seen in (3 ). 
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a mora, as a morae 
or a et 1980; Homma 
Han (1962) considers that the mora consistent despite 
difference adjacent segments. Thus, view, 
compensation is the mora. Homma's view, however, the domain of temporal 
compensation is a word, which is larger than CV 
Although Han wrote that a unit of duration in Japanese is associated with a syllable, it may be 
more appropriate to say that domain of durational pattern is not a but a word. (1981:279) 
syllable /pa/ (85ms) /gal (122ms) as illustrated below: 
Vowel duration 
Consonant duration 
I Vowel duration 
I 
p a p a 
18 67 77 98 260ms 
13 109 40 105 267ms 
g a g a 
Fig.2.1 Word as the domain of temporal compensation (Homma 1981) 
With regard to word duration, Homma claims that disyllabic expressions with 
long stops (thus three-mora expressions such as tatta) are one and half times as long 
as those with short stops (two-mora expression such as tata.), that is, they show a 
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3:2 ratio which corresponds to the number of morae (see below). Closure duration, 
VOT, and vowel duration are closely related to fixed word duration, although the 
duration of each mora in a word is not necessarily the same. 
A similar claim was made earlier by Port et al. ( 1980), namely that the domain of 
temporal compensation is extended over several syllables rather than just within CV 
as shown below: 
Our results support the traditional observation that macrostructural timing is highly regular in 
Japanese. They do not, however, support the specific proposal of Han ( 1962) that the domain of 
temporal compensation is strictly within the CV unit. Instead, it seems that temporal 
compensation extends across several syllables (if syllables are defined conventionally as CVs) so 
that two-syllable units, at least, have a nearly constant duration despite dramatic changes in the 
duration of individual consonants and vowels. (Port et al. 1980:244) 
In Port et al. (1980), temporal compensation is described as bidirectional (i.e. both 
anticipatory and regressive): the duration of intervocalic consonants changes for both 
preceding and following vowels. Vowels on both sides of a consonant vary inversely 
with the consonant, and the consonant constriction duration varies inversely with 
inherent vowel duration. For example, low vowels tend to be longer than high vowels 
and vowels preceding voiced consonants are longer than those preceding voiceless 
ones (Chen 1970; Klatt 1976). 
The relationship between the duration of a word and the number of morae is the 
third category which is referred to in support of the mora hypothesis as mentioned 
above. Port et al. ( 1987) further investigated aspects of Japanese timing organization 
in a larger unit such as a word. They measured the duration of test words (1-5 morae) 
and demonstrated that, for each additional mora, the word duration increased by equal 
increments. It was also found that this situation was the same in both fast and slow 
speech tempi. Port et al. (1987) claim that, in their results, the heavy syllables did not 
exhibit the expected shortening of other components of the syllable. Instead, heavy 
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This 
et ( 
as 
comment 
to 
clear evidence that the mora is a real unit in Jai;1arn~se, since 
results of this sort could not be obtained from English, or German, or any other language known to 
us. For English, we would expect to see that syllables other than the first one would add successively 
less to word duration. 
The most recent work of Han (1994) claims that the duration of a fricative is longer 
when the following vowel is deleted or devoiced (this agrees with her 1962 results and 
disagrees with Beckman's 1984 results). This elasticity makes the average duration of 
the mora consistent, keeping durational 
( 
(1981) as shown below: 
of two- and three-mora expressions 
et ( 
seen 
was 
The results of the ratio analysis definitely support the notion that the timing of segments in 
Japanese is planned and controlled using a word-level target. This confirms the conclusions reached 
earlier by Port et al. (1980, 1987) and Homma (1981). The word in the present context is a free word 
pronounced without an intervening juncture. The question of boundaries at which mora timing breaks 
down requires further research. 
As described above, many studies have been conducted on the phonetic aspects of 
the mora in Japanese. More recent studies have examined various aspects of Japanese 
timing organization in larger units such as sentences, and demonstrate that the 
Japanese segmental duration is influenced by the position of the segment in an 
utterance (Kaiki et al. 1990; Kaiki and Sagisaka 1992). Various factors seem to be 
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as: 
rnora as context 
12 
reason 
inconsistency dealing study using controlled 
data is needed order to examine the nature of Japanese temporal compensation. 
Bradlow et al. (1995), on the hand, introduced variations supra-moraic 
prosodic features, speaking rate and sentence-level focus, in order to investigate the 
characteristics of mora timing in Japanese. It was found that the differences 
contrastive and broad focus were not reflected in the differences in word duration, 
instead, it is reflected in the peak FO. This is additional evidence that Japanese is 
English, also therefore, 
not to an 
governed mora recent 
study Nagano-Madsen (1992) provides interesting insights into comparison of 
organization 
Japanese. Although she does not draw any conclusions on the domains of 
compensation for these languages, she demonstrates that the structures of temporal 
compensation in those mora-based languages are dissimilar, while the relationship 
between word duration and the number of morae within the word bears similarities. 
For future studies, we need to be aware that investigation of the segmental duration 
(and the durational ratios) alone fails to capture the entire picture of the reality of mora 
timing. More studies need to be conducted using different approaches to investigate 
various aspects of mora timing. 
--·----------
12 Campbell ( 1992) claims that the durational variance in vowels of Japanese is 'more influenced 
by their context than is that in consonants' ( 1992:208), while that of English is int1uenced by the 
following consonants. 
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on 
Recent literature on the concept the mora hypothesis has seen an 
debate between who support the view that Japanese timing 
language-specific (i.e. learnt behaviour of NS) (Port, et al. 1980; 
morae is 
1981; 
Han 1992, 1994) and those who take a universal perspective (Beckman 1982b, 
1984; Otake 1989bd). The latter group argues that the phonetic characteristics which 
have been claimed as language-specific are in fact controlled by universal 
tendencies. 
The extent to which v<"''"'"'"' -....... ,,., structure is 
is not understood. to examine 
same ,, ... ,..~ ..... , .. ~ ... is 
same was across languages, 
then it is possible to say it may be controlled universal tendencies. 
pertaining to Japanese temporal compensation already been presented 
this section, cross-linguistic aspects of temporal compensation are 
to examine the extent to which Japanese timing organization is language-specific. 
Port et al. (1980), for example, investigated Arabic and Japanese and conducted two 
experiments on these languages in order to explore the extent to which vowels 
preceded by longer and shorter apical consonants (It, d, r/) would compensate for 
duration (Fig.2.2). They found that in Arabic, there was no significant difference in 
medial stop closure duration between Id/ and /ti, and that the duration of the following 
vowel also showed no effect for voicing. They found, however, that the voicing of 
intervocalic consonants did affect the duration of the preceding vowel (which seems to 
be a phonetic universal). Thus their results show that in Arabic there is little evidence 
for timing compensation within a CV unit. Otake's results (l 989b) on Arabic, on the 
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other hand, provide counter-evidence to Port et al. ( 1980). He claims that Arabic 
speakers also show similar temporal compensation effects and that the characteristics 
of Japanese timing organization are thus not language-specific. Otake emphasises 
universal aspects and in this respect, supports Beckman (1982b). 
ARABIC JAPANESE 
125 125 
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<.) 100 100 Gll 
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e 
= 
= 75 = 75 .... 
= • • 0 50 ~ 50~ .... = ...-• > • ... = 25 ;---. Q 25 
• 
0 0 
t d r t d r 
II al duration --•-- C duration -l!:r--- a2 duration 
Fig.2.2 /aCa/ sequences of Arabic and Japanese (Port et al. 1980) 
Fig.2.2 demonstrates that the preceding and following vowels compensate for the 
changes in consonant duration to about the same degree in Japanese. Vowels on both 
sides of a consonant varied inversely with the consonant, and consonant constriction 
duration varied inversely with the inherent vowel duration. Based on the different 
behaviour between Arabic and Japanese, Port et al. (1980) claim that the timing 
structure of Japanese is language-specific and thus learned behaviour on the part of 
speakers of Japanese. Port et al. (1980:249) give this as the reason why 'Chomsky 
and Halie's phonetic theory cannot take responsibility for an acoustically manifested 
multisegment structure like the Japanese mora.' The results obtained in their study 
suggest that timing structure in Japanese is not only a perceptual reality, constructed 
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it as an lS a 
( 
( 
across mora 
vowel varying inversely with the consonant 
in VCV sequence. Beckman's ( 1982b: 132) comments on this claim as follows: 
Finally, what PORT et al. [1980] and HOMMA [1981] call temporal compensation across mora 
boundaries may be nothing more than the apparently universal tendency for vowels to be shorter 
before voiceless stops than before voiced. 
More recent Port et al. (1987) claims the lengthening of vowels 
as 
structure: mora as an~~·~--·~~~ •u~,~ ... ~ .. ~ 
Japanese captures many of most salient features of ........ ,.., in this language, despite 
presence of observed "inherent 
They suggest further that universal models 
Japanese timing structure: 
due to type.' 
not account for entire 
But, altogether, attempts to model these results on this basis alone would miss some 
extremely fundamental regularities about the temporal system of this language. Instead, we 
should perhaps think of the implementation of mora timing as a system that is constructed to 
be compatible with these universal effects, one in which these universal tendencies collude 
with each other to achieve something more abstract and more clearly linguistic. This is not 
too different from arguing that the "universal voicing effect" is made grammatical and 
linguistic within English and other Germanic languages. (Port et al. 1987: 1584) 
Other aspects of Japanese timing structure which have been suggested as being 
universal are, for example, the relative duration of VOT amongst [p], [t] and [k], and 
the shorter duration of VOT for geminate stops than for single stops (Han 1992). 
Homma (1981), on the other hand, claims that gemination of stops does not affect 
VOT. The recent study by Nagano-Madsen (1992) also shows that VOT is not 
significantly different between single and geminate stops. In the present study, VOT is 
investigated to examine whether or not it is affected by the gemination of stops (see 
Chapter 4). It is beyond the scope of this thesis, however, to determine the extent to 
which temporal compensation in Japanese is governed by universal phonetics based 
on comparison with other languages. 
2.2.4 Problems in the timing control of L2 learners 
Han (1992) approached the issue oflanguage-specific timing rules of Japanese by 
examining foreign accent: 
A study of a foreign accent may offer some insight into the controversy over timing-control 
rules in phonology. In general, a foreign accent is heard in phonological domains where the 
speaker's native language system conflicts with the target language structure. A foreign accent 
detected in the pronunciation of geminate stops involves the stop closure duration, or a silent 
period, as the primary cue. If different language speakers control the timing of stop closure 
differently, then language specific rules will be needed. If the temporal implementation of phonetic 
features is to be 'supplied by universal rules' [Chomsky and Halle, 1968, p.295] and thus the same 
for all languages, a foreign accent detected in the timing of segments cannot be explained by the 
theory. (1992:103) 
Han used four male American English speakers who were fluent in Japanese and 
compared the results with those of ten Japanese NS. Her results showed that 
Japanese NS had a clear durational contrast between single and geminate stops 
42 
(2.8: 1.0) in examples such as ite kudasai 'please stay' and itte kudasai 'please go', 
while American learners underdifferentiate the distinction (2.0: 1.0). 
She also observed the durational ratios of English [t] and [tt] occurring at the 
morpheme boundary such as 'catfish' and 'cattail' (although observation was not 
extended to other examples such as [k] and [kk]). English does not have the same 
durational contrast as Japanese at the phonemic level, as represented in minimal 
pairs such as ite and itte, but geminate stops appear across the morphological 
boundary in examples such as 'white tie' and 'rock cake'. Her subjects were asked 
to read out the following sentences and the results are shown below (1992:122): 
(1) Look at my ca.ttail. 
(2) Look at my catfish. 
(3) Look at my catnip. 
(4) Please get Iom. 
(5) Please get Mary. 
Han's (1992) results show that in English, the duration of [tt] was twice the 
duration of [t] (Table 2.2). She comments, 'The results of this analysis seem to 
indicate that Americans generally pronounce [tt] in English by doubling the closure 
duration of [t].' This is similar to their corresponding durational ratios in Japanese as 
L2, and therefore Han (1992) claims that learners' underdiff erentiation is due to 
negative transfer from their Ll. From this evidence, Han (1992: 126) concludes that 
'The timing control of single and geminate stop closures was found to differ between 
Japanese and American English, and is thus language-specific.' 
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Words Subject C 
[tt] 
ca!._tail 135.0 
catfish 
catnip 
getiom 162.2 
getMary 
[t] 
50.6 
78.5 
63.9 
Subject P 
[tt] 
150.7 
131.0 
[t] 
70.l 
108.2 
69.0 
Table 2.1 Examples of mean closure duration (in msec) of [tt] and [t] in American English 
(Han 1992) 
Words 
Ratio No.l 
Ratio No.2 
Mean ratio 
Subject C 
[tt]: [t] 
2.09:1.00 
1.97: 1.00 
2.03:1.00 
Subject P 
[tt]: [t) 
1.69: 1.00 
1.90: 1.00 
1.80: 1.00 
Table 2.2 Example_s of ratios of [tt] to [t] in English as spoken by two American subjects 
(Han 1992) 
In order to investigate whether durational ratios in Australian English are similar to 
those in American English, I conducted an experiment following Han ( 1992). A velar 
stop [k] and fricative [s] were also included in the experiment since the experiments 
conducted in the following chapters deal with these phonemes are well as with an 
alveolar stop [t]. Three Australian subjects (also fluent in Japanese) were asked to read 
the following sentences three times each.13 
(1) Go and ge! Mary. 
(2) Go and ge! Tom. 
(3) Go and ge!Iony. 
(4) Go and kick Cathy. 
(5) Go and kick Mary. 
(6) Go and punish Cheryl. 
(7) Go and punish Mary. 
13 In order to obtain compatible data with the speakers of American English, I used similar 
sentences to Han (1992). 
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Words 
get Tom 
get Tony 
get Mary [tl 
kick Cathy [kk] 
kick Mary 
punish Cheryl 
punish Mary [f] 
114.90 (20.44) 
108.84 (16.99) 
124.72 (16.88) 
156.97 (14.45) 
consonants was 
65.99 (9.50) 
73.96 (10.02) 
93.23 (15.50) 
Table 2.3 Mean closure durations (in msec) of and [tl in Australian English 
Words 
Table 2.4 Average ratios of 
Average ratios 
[CC]:[C] 
1.74: 1.00 
l.65: 1.00 
l.69: LOO 
1.68: LOO 
to in English as 
ratio of [CC] obtained in my 
three Australian speakers 
lS 1.7: 1, it is to 
note that this is a smaller ratio differentiation than for the American speakers obtained 
Han ( 1992). The shorter closure duration of stops in both American and Australian 
English demonstrated above appears to present a problem (i.e. of LI interference) in 
acquiring Japanese timing control. If learners' difficulty can be simply attributed to Ll 
interference, this result suggests that Australian learners will have greater difficulties 
in acquiring Japanese timing organization with respect to long consonants than 
American learners. 
Han ( 1992: 126) makes a pedagogical suggestion as follows: 
Instructors of Japanese as a foreign language bear a responsibility of calling the 
students' attention to the phonological contrast between geminate and single 
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consonants, and its phonetic timing control. A suggestion to 'make the geminate 
consonants 3 times as long as the single ones' may have practical, pedagogical 
merit. 
Toda (1994) investigated the IL typology of timing organization in Japanese by 
beginning learners, and found that Han's (1992) pedagogical suggestion could not 
be applied uniformly to learners of different levels. It is because the causes of 
underdiff erentiation can be attributed, not just to the shorter duration of geminate 
phonemes, but also to the following IL syllable modification strategies: 
( 1) longer duration of single C2, and 
(2) longer duration of vowels preceding geminate C2. 
Also, the timing control of CVCV in Japanese, which has not been discussed in 
great detail in the previous literature, was found to be a problem for learners (see 
Chapter 4). Based on these findings, it appears that Han's ( 1992) approach needs to 
be revised since her analyses are based only on negative language transfer. If learners' 
speech output was determined only by Ll interference, it might be possible to attribute 
the difficulties learners encounter to phonological differences between English and 
Japanese. It has been shown in Toda (1994), however, that learners develop their 
own strategies to distinguish phonological durational contrast. and that their IL is 
independent of both English and Japanese. Therefore, I would argue that a contrastive 
acoustic-phonetic analysis would not determine the extent to which Japanese timing 
control is governed by language-specific rules on the basis of errors involved in 
speech production by learners of Japanese. The absence of certain rules in the 
learners' speech only implies that certain principles do not operate in the formation of 
their IL. Thus it would appear that studies of foreign accent do not off er any answers 
to the controversy of timing-control rules in Japanese phonology. This issue is further 
investigated in Chapter 4 of this dissertation. 
Ll interference has been considered the most prominent feature at the level of 
phonetics and phonology, and in fact a number of previous studies have 
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investigated the typology of Ll interference in SLA. There is no doubt that it is very 
useful for language instructors to know the details of Ll interference so that they 
can account for errors which learners are likely to make. However, there is a risk of 
overlooking the full picture (including various processes and learner strategies 
which are involved in the formation of IL) if one tries to explain learners' errors 
only in terms of Ll interference. 
There are almost no previous studies which investigate the various processes 
involved in the formation of English-Japanese IL phonology. By focussing on this 
aspect in the present study, it is hoped that this will contribute to the study of IL in 
SLA research. 
2.3 Perception of the mora 
Chapter 3 of this dissertation deals with the perception of mora. Before presenting 
data concerning the categorical perception of Japanese durational contrasts in the 
following chapter, it is useful to introduce the basic mechanisms of speech perception: 
by categorical and continuous perception. The perception of durational contrasts in 
Japanese vowels and stops by NS has been claimed as categorical (Ootsubo 1980, 
1981). 
2.3.1 Categorical and continuous perception 
Categorical perception can be described as a phenomenon in which discontinuity is 
observed across categorical boundaries within a physical continuum which shows no 
obvious changes. 
Repp (1984) defines categorical perception as follows: 
Phenomenally speaking, categorical perception refers to the experience of discontinuity as a 
continuously changing series of stimuli crosses a category boundary, together with the absence of 
clearly perceived changes within a category. It must be emphasized here that categorical perception 
is a very striking and readily demonstrated phenomenon. All persons who sit down and listen to 
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one of the standard series of stop consonants varying in VOT or formant transitions, provided they 
are able to hear the synthetic sounds as speech, will experience abrupt perceptual changes at 
certain places on the continuum. The continuing attraction of categorical perception to both the 
novice and the seasoned investigator lies in its permanent and replicable vividness in the listener's 
experience. (1984:251-252) 
Categorical perception research was first conducted by Liberman and his 
collaborators at the Haskins Laboratories (Liberman et al. 1957; Bastian et al. 1961; 
Liberman et al. 1961b; Liberman et al. 1967). Liberman et al. (1957) created digitized 
sound stimuli, a physical continuum of /bl, /di, lg/ (preceding a vowel approximating 
/el), by increasing the onset frequency value of the second formant. They used speech 
synthesizer, Pattern Playback, and asked informants to identify the sounds given. It 
was found that the informants showed a sharp shift in their identification from one 
phoneme to another. In other words, the subjects did not capture the physical reality 
of the stimuli as a continuum of sound, but instead discriminated amongst the given 
sounds according to phonological categories. 
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Fig.2.3 Idealized version of categorical curves (categorical perception of category A 
and B). See Lass et al. (1982:300) 
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This pioneering work encouraged a number of subsequent researchers to conduct 
experiments to find out more about the mechanism of categorical perception. The 
work by Liberman et al. (196la) found that the distinction between intervocalic /p/ 
and /b/ was categorical, and was cued by closure duration. The voicing contrast 
between /ti and /di (cued by 'first formant cutback') was also categorical (Liberman et 
al. 196lb). 
Bastian et al. (1961) did experiments on word initial consonant clusters, such as 
those in /slit/-/ split/ and found that the perception of the stop manner (cued by closure 
duration) was also categorical. The contrasts in liquid /r/ and /1/ (Miyawaki et al. 
1975) and in stop /b/ and nasal /m/ (Miller and Eimas 1977) also demonstrated a 
similar tendency towards categorical perception. 
The concept of categorical perception which was first introduced by the Haskins 
group was a strict model (i.e. an idealized model) which predicted a perfect shape for 
categorical curves as shown in Fig.2.3. In an empirical context, it is almost 
impossible to obtain such perfect results from most experiments and therefore the 
concept of 'degree of categorical perception' (Repp 1984) should also be included to 
account for the extent to which categorization was made. 
The other type of perception is continuous perception; Fry et al. (1962) had 
shown that the vowel continuum Ii/ - /el - /re/ was not perceived categorically. 
Instead, these vowels were discriminated evenly within and between categories. 
Other examples of continuous perception include FO and amplitude, acoustic 
correlates of pitch and loudness. However, later studies found that the results of 
categorical perception tests depended on the types of task and stimulus used in the 
experiment. For example, vowel stimuli could be perceived as categorically as 
consonant stimuli if the stimuli were presented with longer intervals than Fry et al. 
(1962). Thus, it is overly simple to claim that consonant perception is categorical 
and vowel perception is continuous. This is also relevant to the claim made in 1.2, 
that is, the current research focus is not just to find out whether or not L2 learners' 
perception is categorical or continuous. 
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Wode (1990, 1991, 1994) claims that both categorical and continuous perception are 
required mechanisms for speech perception. Categorical perception is necessary, 
because if speech processing was not conducted in some categorical manner, the 
human brain could not process all the information fast enough. On the other hand, 
continuous perception functions as 'a monitoring device that enables speakers to 
check whether their own production is still in tune with the norms of their speech 
community' (Wode 1994: 146), and it is also important. 
2.3.2 Perceptual development of L2 learners 
The universal theory of language acquisition states that there is an infinite capacity 
for language learning by human beings, as stated in Wode (1994:145): 
... the language learning capacity of humans is not restricted in any principled way as to the 
number of languages that can be learned, the types of languages and the kinds of linguistic 
structures that can be acquired, any age ranges during which this has to happen, or the learning 
situations as long as language input is available. 
Following this view, an underlying assumption of the present study is that any L2 
learners have ability to learn NS perceptual norms, although L2 learners have 
language-specific categorical boundaries which are influenced by their LI. Chapters 3 
and 5 in this dissertation describe the perceptual development of Australian learners of 
Japanese. Prior to these chapters, previous studies pertaining to the L2 learners' 
perceptual categorization of Japanese durational contrast are described, and some 
methodological considerations are discussed in this section. 
2.3.2.1 Problems 
In accordance with the finding that the NS perception of durational contrast in 
Japanese vowels and stops was categorical (Ootsubo 1980, 1981), researchers have 
investigated whether the perception of Japanese durational contrast by learners who 
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had different language backgrounds was also categorical (Min 1987; Hirata 1990b; 
Enomoto 1992; Uchida 1993a). 
Previous studies have found that: 
1) NS perception is more categorical than learners of Japanese, and 
2) learners develop their perceptual system towards categorical as their proficiency 
level increases. 
For example, Min (1987) investigated the perception of the durational contrast in 
Japanese stops by Korean learners of Japanese, and found that learners did not exhibit 
a clear categorical boundary as NS did. He claimed that the main perceptual cue for 
NS for judging the durational contrast was based on the physical duration of the silent 
closure period for voiceless stops. Korean learners seemed to rely on the spectral 
characteristics of voiceless stops rather than duration; however, Min did not provide 
any phonetic evidence to justify this assumption. 
In the present study, I claim that just comparing the degree of categorization 
between different groups do not fully capture the differences in their perceptual 
mechanisms (Chapter 3). It is suggested that the observation be extended to other 
dimensions of perception such as actual threshold values and the interrelation between 
threshold values and the duration of other segments within the word. It seems 
inappropriate to associate learners' perceptual mechanisms with something which is 
similar to those of NS, unless learners' perceptual boundaries become similar to those 
of NS. It is not possible to say that learners' perceptual mechanisms have become 
similar to that of NS merely because learners' results demonstrate clearer categorical 
curves (also in Toda 1995ab). 
Additionally, it is suggested that longitudinal data observation be conducted in order 
to investigate the nature of the mechanisms of L2 learners' speech perception. To the 
best of my knowledge, however, all previous studies concerning this issue employ 
cross-sectional data observation. There are no previous studies which investigate both 
speech perception and production based on longitudinal observations, which 
incorporate various aspects of categorical perception mentioned above. 
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2.3.2.2 Methodological considerations 
Categorical perception research often involves the following two methods: the 
method of constant and the method of limit (or method of minimal changes). With 
regard to the previous studies pertaining to the acquisition of Japanese phonological 
categories, the former was used by Min (1987), Hirata (1990b) and Enomoto (1992) 
and the latter by Uchida (1993a). 
The typical curves of categorical perception shown in the idealized model (Fig.2.3) 
may be obtained by using the method of constant (Repp 1984). In this method, stimuli 
are presented to informants in randomised order and the informants are asked to 
identify them. This is considered to be one of the most reliable statistical methods used 
in the area of psychophysics (Guilford 1959[1954]). 
One disadvantage of this method is, as mentioned in Min's ( 1987) study, the 
threshold values are difficult to define within the categorical curves obtained by the 
method of constant. This is mainly due to the fact that it is almost impossible to obtain 
a perfect shape for categorical curves as shown in Fig.2.3. The other disadvantages 
which were pointed out in Guilford (1959[1954]: 182) are: it is difficult to obtain the 
value of standard error, and also the data collection tends to be time consuming in 
comparison with other methods. In order to randomise the stimuli, it is suggested that 
each stimulus be presented to the subjects 50-200 times. Tanaka (1977) points out that 
subjects tend to lose concentration if the required time for experiments is lengthy, and 
therefore the obtained results may not be reliable. Researchers may be tempted not to 
present sound stimuli repeatedly, in order to save time for data collection. However, if 
the sound stimuli were not sufficiently repeated, the results could not be depended on 
to achieve statistical significance. 
The other method which is also widely used in the area of categorical perception 
research is the method of limit (or method of minimal changes). In this method, the 
stimuli are presented in such a way that neighbouring stimuli differ only slightly so 
that subjects can indicate the just noticeable difference (JND) when they perceive a 
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change. The main criticism of this method is that because stimuli are presented in 
successive order, the results tend to involve error of habituation and expectation 
(Guilford 1959[1954]: 127). However, these can be minimised by using ascending 
and descending series of stimuli, which is applied in this study (see Chapter 3 for 
further details). 
The method of limit was used in the present study since it was intended to 
investigate the ways in which NS and learners process the same acoustic information, 
not just the degree of categorization but also other aspects of perceptual mechanisms 
as well. Thus one of the observation objectives was the interrelation between the 
ascending and descending series (see Chapter 3). Also, the average values between 
the ascending and descending series are defined as threshold values, and by using 
these values, the investigation of the differences in the threshold values between NS 
. and learners is conducted. 
In order to produce additional randomising effects to minimise the disadvantages of 
this method (i.e. error of expectation), the following effects are added in this study 
when creating the sound stimuli: ( 1) the starting point of successive sound stimuli was 
randomised, and (2) the number of sound stimuli in each series was varied, as well as 
using ascending and descending series of sound stimuli. 
2.4 Summary 
This chapter reviewed previous studies. Firstly, works on Japanese prosodic 
characteristics concerning mora were reviewed from the viewpoint of phonological 
analyses (phonology) and phonetic reality (acoustic phonetics). Secondly, perception 
of mora was discussed. The previous studies on both production and perception of 
Japanese timing by L2 learners were discussed in this chapter. 
Prosodic characteristics of languages are different, and there is no doubt that 
learners' linguistic experience of Ll influences the acquisition of L2 phonology 
concerning both speech perception and production. It was emphasised, however, that 
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one cannot assume account 
errors 
on mora 
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Chapter 3 Perception 
This chapter examines the perceptual judgment of the phonological durational 
contrasts in voiceless obstruents, vowels and nasals in Japanese. The experiment was 
first conducted with ten NS, and was followed by further tests with ten beginning and 
eight advanced learners of Japanese. 
3.1 Experiments 
This section presents the details of the sound stimuli and the procedures for the 
experiments. 
3.1.1 Sound stimuli 
The recording of the stimuli was conducted in a sound-proof recording room at the 
_Department of Language and Culture, Nagoya University on 4 December 1992.14 The 
word-tokens were pronounced by an adult female speaker in her early 30's, who had 
been engaged in Japanese language teaching. She was born in Tokyo and was 
teaching Japanese language while undertaking Ph.D research in Japanese linguistics at 
Nagoya University. She spoke the Tokyo variety of Japanese in daily life, and was 
married to a Japanese NS who was also from Tokyo. 
A digital audio tape recorder Sony DTC-300ES was used for the recording. The 
sound was recorded onto the hard disk of an NEC PC-9801VX21 using a digital-to-
analogue converter (with a sampling frequency of 10 kHz and an accuracy of 16 bits). 
The sound stimuli used in this study were created by PICOLA Plus.15 
The following six words (natural word-tokens pronounced by the speaker) were 
used to produce the stimuli; kale 'food, provisions', rika 'science', iso 'beach', honne 
'true feeling', komma 'comma' and sanga 'mountains and rivers' (Table 3.1).1 6 The 
14 I would like to thank Mr Uchida of the Department of Educational Psychology, Nagoya 
University, for his assistance in creating the sound stimuli. 
15 See Uchida (1993b) for details of this system. 
16 The use of meaningless words was first considered in order to avoid semantic interference on the 
perceptual judgment, but later it was decided that words with meanings should be used in this study. 
This decision is supported by the results obtained in Uchida (1993) and Minagawa ( 1995), which 
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CVCVV stimuli (e.g. katee) were produced by lengthening the duration of the second 
vowel in the CVCV stimuli (e.g. kate), and the CVCCV stimuli (e.g. katte) by 
lengthening the duration of the intermediate consonant. In the case of the words with 
nasal consonants, the CVNV stimuli (e.g. hone) were created by shortening the 
duration of the intervocalic moraic nasals in the CVNNV series (e.g. honne). This is 
because the appropriate pitch pattern is not produced by the reverse operation (i.e. 
lengthening the duration of a non-moraic nasal in hone to produce honne). 
1. kate 'source' 2. katte 'selfish' 3. katee 'process' 
4. rika 'science' 5. rikka 'first day of summer' 6. rikaa 'liquor' 
7. iso 'beach' 8. isso 'rather' 9. isoo 'removal' 
10. hone 'bone' 11. honne 'true feeling' 
12. koma 'soinning too' 13. komma 'comma' 
14. saga 'nature' 15. sanga 'mountains and rivers' 
Table 3.1 Words in the response set 
SERIES WORDS TONE 
KATE kate/katte/katee Ll-l 
RIKA rika/rikka/rikaa HL 
ISO iso/isso/isoo Ll-l 
KOMA koma/komma HL 
HONE hone/honne Ll-l 
SAGA saga/sanga HL 
Table 3.2 Tone pattern of each series 
The words used in the experiments were carefully selected: ( 1-9) provide minimal 
pairs with phonological contrasts in the duration of vowels and consonants, and ( 10-
15) provide minimal pairs with durational contrasts in intervocalic nasals (there are no 
minimal pairs involving CVNVV for words with nasals). All the minimal pairs have 
comparable pitch patterns (Table 3 .2).17 
showed no statistical differences in the learners' perception between meaningless and meaningful words 
in Japanese. Also, from the viewpoint of Japanese language learning, the use of real words seemed 
preferable. 
17 The acquisition of Japanese pitch patterns is beyond the scope of this study. 
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The duration of the segments below was manipulated in order to investigate the 
perceptual categorization of the phonological durational contrast (see Table 3.3 for 
original duration of manipulated segments): 
(a) Vl: The duration of the vowel in the first syllable (Vl) was reduced and 
expanded - 2 stages were produced (70 and 140%) (See Table 3.4). 
(b) V2: The duration of the vowel in the second syllable (V2) was expanded by 20% 
intervals - 16 stages were produced (60-360%) (Table 3.5). 
(c) C2 (obstruents): The closure duration of the intervocalic obstruents was 
expanded by 20% intervals - 16 stages were produced (60-360%) (Table 3.5). 
(d) C2 (nasals): The duration of the intervocalic nasal consonants was reduced by 
10% intervals - 14 stages were produced (20-150%) (Table 3.5). 
In (a), Vl duration was reduced and expanded in order to observe the influence of 
Vl duration upon the perceptual judgment of C2 and V2.18 Watanabe and Hiratoo 
(1985) found that NS perceptual judgment of C2 was influenced by the duration of 
Vl.1 9 In the present study, the influence of Vl duration upon the perceptual judgment 
of C2 and V2 was investigated in the data of NS and learners at different proficiency 
levels, and the differences between these groups were compared.20 
A total of 276 stimuli were created for this experiment, with 96 stimuli for long 
vowels (3 word-tokens x 2 stages of Vl duration x 16 stages of V2 vowel duration), 
96 stimuli for long obstruents (3 word-tokens x 2 stages of Vl duration x 16 stages of 
C2 duration), and 84 stimuli for long nasals (3 word-tokens x 2 stages of V 1 duration 
x 14 stages of nasal C2 duration) (see Table 3.5 for the absolute duration of C2 and 
V2). 
The sound stimuli were presented in continuous sequences organized as ascending 
and descending series. In the ascending series, the sequence of stimuli was presented 
18 Sugito (quoted in Nakaoka 1990) claims that Japanese native speakers perceive long C2 when 
the duration of C2 is more than 1.41 - 1.69 times as long as Vl. 
19 Fukui ( 1978) compared NS perception of reduced geminate C2 and expanded single C2. He 
found that the C2 duration was a primary cue and the V 1 duration could be a secondary cue for the 
geminate perception of C2. Longer Vl before geminate C2 has been reported in the literature (Fukui 
1978; Beckman 1992; Han 1992; Smith 1995). 
20 V 1 duration can be related to speech speed in this context, although it is not a direct equivalent 
of speech tempo. 
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from shorter duration to longer duration. Thus, phonologically speaking, informants 
were expected to perceive two-mora expressions gradually changing to three-mora 
expressions. In the descending series, the stimuli were presented from longer duration 
to shorter duration, so that informants would hear three-mora expressions gradually 
changing to two-mora expressions. 
The series of words were presented in randomised order and the starting and ending 
points of successive stimuli were changed. The number of stimuli in each series was 
also changed (ranging between 13 and 16) to cause additional randomising effects. 
Thus the 276 stimuli were repeatedly presented to the subjects and the total number 
of stimuli used in this experiment (recorded on a 90 minute cassette tape) was 1044 
(Appendix 3.1). 
NO ClVlC2V2 Vl C2 V2 
1 kate 78.1 114.7 153.4 
2 rika 58.3 125.7 131.5 
3 iso 111.9 106.l 154.8 
4 honne 75.3 181.8 NIA 
5 komma 67.4 212.6 NIA 
6 san a 128.7 163.3 NIA 
Table 3.3 Original duration of manipulated segments (msec) 
NO ClVlC2V2 Vl 70% 140% 
kate 78.10 54.67 109.34 
2 rika 58.30 40.81 81.62 
3 iso 111.90 78.33 156.66 
4 honne 75.30 52.71 105.42 
5 komma 67.40 47.18 94.36 
6 san a 128.7 90.09 180.2 
Table 3.4 Absolute duration of Vl (msec) 
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NO words 60% 80% 100% 120% 140% 160% 180% 
1 KAT_E C2 68.82 91.76 114.70 137.64 160.58 183.52 206.46 
KATE_ V2 92.04 122.72 153.40 184.08 214.76 245.44 276.12 
2 RIK_A C2 75.42 100.56 125.70 150.84 175.98 201.12 226.26 
RIKA_ V2 78.90 105.20 131.50 157.80 184.10 210.40 236.70 
3 IS_O C2 63.66 84.88 106.10 127.32 148.54 169.76 190.98 
ISO V2 92.88 123.84 154.80 185.76 216.72 247.68 278.64 
200% 220% 240% 260% 280% 300% 320% 340% 360% 
229.40 252.34 275.28 298.22 321.16 344.10 367.04 389.98 412.92 
306.80 337.48 368.16 398.84 429.52 460.20 490.88 521..56 552.24 
251.40 276.54 301.68 326.82 351.96 377.10 402.24 427.38 452.52 
263.00 289.30 315.60 341.90 368.20 394.50 420.80 447.10 473.40 
212.20 233.42 254.64 275.86 297.08 318.30 339.52 360.74 381.96 
309.60 340 . .56 371.52 402.48 433.44 464.40 495.36 526.32 557.28 
4 HON_E C2 36.36 54.54 72.72 90.90 109.08 127.26 145.44 
5 KOM_A C2 42.52 63.78 85.04 106.30 127 . .56 148.82 170.08 
6 SAN A C2 32.66 48.99 65.32 81.65 97.98 114.31 130.64 
90% 100% 110% 120% 130% 140% 150% 
163.62 181.8 199.98 218.16 236.34 254.52 272.7 
191.34 212.6 233.86 255.12 276.38 297.64 318.9 
146.97 163.3 179.63 195.96 212.29 228.62 244.95 
Table 3.5 Absolute duration of C2 and V2 
The method used for this experiment was the method of limit (as discussed in 
Chapter 2). The number of stimuli in each series and also their starting and ending 
points are also shown in Appendix 3 .1. 
On the answer sheets provided, word pairs were listed, indicating that the original 
stimuli were edited and gradually changed (e.g. kale -> katte, iso -> isoo). Words 
were written both in kana and romaji. Subjects were asked to mark with an X (i.e. the 
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X equals to JND) when they thought that the original stimuli changed as shown below 
(e.g. See the tenth stimulus in Table 3.6 and the seventh stimulus in Table 3.7): 
1~0 words l 2 J. ~ 2 Q ~1 KA TE-> KA TTE 0 0 0 0 0 0 
~ 2 10 11 12 13 14 15 ~1 0 0 x x x x x x 
Table 3.6 Example of JND - ascending series 
~1 1~0 words l 2 J. ~ 2 Q KA TTE ->KA TE 0 0 0 0 0 0 
1:1 ~ 2 10 11 12 13 14 15 x x x x x x x x 
Table 3.7 Example of JND - descending series 
Subjects listened carefully and marked each stimulus before the JND with an 0. 
Once they used an X, they could not revert to 0 after that point. Subjects were allowed 
to use a question mark if they were not sure, but it was suggested that they use as few 
question marks as possible because their frequent usage could make the results 
unreliable. Table 3.8 shows an example of JND with a question mark. In this case, the 
eleventh stimulus was interpreted as the point of JND and the tenth stimulus was 
marked on the perception graphs, indicating the point where the question mark was 
used (see an example of Fig.3.2). 
~1 17 words l 2 J. ~ 2 Q KA TE ->KA TTE 0 0 0 0 0 0 
1:1 ~ 2 10 11 12 13 14 15 0 0 ? x x x x x 
Table 3.8 Example of JND with a question mark 
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This study was designed to investigate the mechanisms of perceptual 
categorization, and how they differ between NS and learners of Japanese for the same 
given stimuli. Threshold values were obtained by averaging out all the samples of 
JND figures for each word observed in the experiment, and were used as the basis for 
the analyses of the perceptual mechanisms amongst different groups. 
3.1.2 Procedure 
The informants were asked to listen to the sound stimuli in a quiet room using a 
professional quality tape recorder. They indicated where a JND occurred (by marking 
with an X) on the answer sheet provided as shown in Table 3.6 and Table 3.7. Prior 
to this experiment, the informants were given some instructions and a practice session 
(kake/kakke/kakee) was conducted to familiarise subjects with the test procedures. 
The experiment required a total of one and half hours, divided into two sections, 
side A (45 minutes) and side B (45 minutes) on the tape. It was usually conducted 
over two days, each session taking 45 minutes. Informants were asked to rest (about 
15 minutes) when they started to lose concentration, or felt tired. 
3.2 Japanese NS 
This experiment examines the mechanisms of perception by Japanese NS. 
3.2.1 Subjects 
Ten Japanese NS with normal hearing were the subjects of this experiment. All 
Japanese subjects were from the Tokyo area and spoke standard Tokyo Japanese. 
There were four males and six females in this group, aged between twenty and thirty. 
3.2.2 Results 
Tables 3.9 presents the average values and the standard deviation for the ascending 
and descending series obtained from the ten subjects. Average threshold values are the 
average percentage increase for JND between the ascending and descending series. 
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Vowels 
CV07CV_ KAOTIE RI07KA 
A.S 164% 170% 
S.D 15% 17% 
D.S 155% 181% 
S.D 24% 21% 
CV14CV 
-
KA14TE_ RI14KA_ 
A.S 178% 188% 
S.D 14% 18% 
D.S 170% 183% 
S.D 26% 27% 
Obstruents 
CV07C V KA07f E RI07K A 
A.S 179% 158% 
S.D 27% 26% 
D.S 165% 152% 
S.D 34% 32% 
CV14C_V KA14T_E RI14K_A 
A.S 191% 170% 
S.D 28% 34% 
D.S 177% 168% 
S.D 33% 23% 
Nasals 
CV07N V K007M A H007N E 
A.S 62% 74% 
S.D 12% 15% 
D.S 57% 60% 
S.D 12% 16% 
CV14N_V K014M_A H014N_E 
A.S 72% 74% 
S.D 15% 16% 
D.S 58% 63% 
S.D 11% 17% 
Tables 3.9 Average Values - Japanese NS 
A.S: ascending series 
D.S: descending series 
S.D: standard deviation 
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I07SO 
156% 
17% 
150% 
24% 
114SO_ 
177% 
16% 
165% 
16% 
I07S 0 
206% 
34% 
200% 
22% 
114S_O 
216% 
41% 
203% 
25% 
SA07N A 
76% 
19% 
66% 
16% 
SA14N_A 
92% 
19% 
76% 
13% 
CV07CV 
-
KA07fE RI07KA I07SO 
T.V 160% 176% 153% 
A.D 244.67 230.78 236.84 
CV14CV_ KA14TE RI14KA I14SO 
T.V 174% 186% 171% 
A.D 266.92 243.93 264.71 
CV07C V KA07f E RI07K A I07S 0 
T.V 172% 155% 203% 
A.D 197.28 194.84 215.38 
CV14C V KA14T_E RI14K_A 114S_O 
T.V 184% 169% 210% 
A.D 211.05 212.43 222.28 
CV07N V K007M A H007N_E SA07N_A 
T.V 60% 67% 71% 
A.D 126.50 121.35 115.13 
CV14N V K014M A H014N E SA14N A 
T.V 65% 68% 84% 
A.D 138.19 124.08 136.76 
Table 3.10 Average Threshold Values - Japanese NS. 
T. V: Average Threshold Values of ascending and descending series ( % ) 
A.D: Absolute Duration (msec) 
160% 
140% 140% 
120% 120% 
100% 100% 
KA07 RI07 I07 KA14 
TE_ KA_ so 
-
TE_ 
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RI14 I 14 
KA_ so 
-
140% 
120% 
100% -1------+--------1 
KA07 
T_E 
140% 
120% 
100% 
RI07 
K_A 
I07 
s_o 
80% 
·----· 
::!: 
K007 
M_A 
H007 
N_E 
: 
SA07 
N_A 
Fig.3.1 Graphs for perception by Japanese NS 
Ascending (black), Descending (white) 
Threshold values 
160% 
140% 
120% 
100% +-----+----------! 
KA14 
T_E 
140% 
120% 
100% 
Rll4 
K_A 
Il4 
s_o 
--==:.~· 60%t. -
40% -+-----__... ____ _, 
80% 
K014 
M_A 
H014 
N_E 
SA14 
N_A 
It was found that average threshold values were always greater when Vl was 
expanded (140%) in comparison with when it was shortened (70% ). This situation is 
observed in both C2 and V2. Statistical significance was observed in all V2. 
Interestingly, as far as C2 was concerned, it was observed only in KA TE series (see 
VJ duration). 
Note that the original duration is different for each stimulus: the original duration of 
V2 in RIKA_, for example, is the shortest (V2 in RIKA series is 131.5 msec, while it 
is 153.4 and 154.8 msec in KATE and ISO series respectively). The threshold values 
for RIKA_ are the greatest of those shown in the top two figures in Fig.3.1. This is 
largely due to the fact that the duration of the original stimuli is shorter than the other 
stimuli, and therefore requires a greater percentage increase for JND. On the other 
hand, the middle two figures in Fig.3.1 show a dipped curve with RIK_A at the 
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lowest point, which is due to the longest duration of C2 in the original stimuli of 
RIK_A (C2 in RIKA is 125.7 msec, while it is 114.7 and 106. l msec in KA TE and 
ISO respectively). 
Ascending and descending series 
It was found that the average values for the ascending series were generally greater 
than those for the corresponding descending series. For example, the average values 
of KA07TE_ is 164% (ascending) and 155% (descending) (see Tables 3.9). This 
situation is also shown in the graphs (Fig.3.1). Since the stimuli are presented in 
ascending and descending order, this situation may be regarded as a 'cross over' effect 
of the ascending and descending series. Thus it can be said that, as far as this group of 
Japanese NS is concerned, the results do not seem to be distorted by errors of 
expectation arising from the presentation of stimuli in a successive order. If the results 
~ere so affected, the average values obtained from the descending series would be 
greater than those obtained from the ascending series: if subjects indicated JND earlier 
due to errors of expectation, the threshold values would be greater when the stimuli 
were presented in descending order, and they would be smaller when the stimuli were 
presented in ascending order. 
In the present data, the order is reversed and thus it appears that the subjects 
indicated JND at the point of time when a given stimulus went just above (in the case 
of ascending series) or just below (in the case of descending series) the expected 
threshold values. 
In order to check statistical significance for the differences between the ascending 
and descending series, t-tests were undertaken for all examples. It was found that in 
most examples, the difference was not statistically significant (Appendix 3.2). This 
means that NS perceptual judgment is consistent and involves little uncertainty because 
their perceptual boundaries are not affected by the way the stimuli are presented. 
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VJ duration 
As mentioned previously, it was found that the average threshold values were 
usually affected by the duration of Vl. 
2-factor Anova was undertaken for the analysis of variance. The dependent variable 
was the percentage increase in duration required for a JND (i.e. the threshold value); 
the independent variables were Vl duration (70% and 140% ). All of the statistical 
results for word-final V2 show that the threshold value is significantly greater when 
Vl duration is 140% than when it is 70% (Appendix 3.3). This means that NS 
perceptual judgment of V2 is influenced by the duration of Vl. Amongst examples 
with obstruent C2, RIK_A showed the same tendency (F=4.643; p=.0343). KAT_E 
and IS_O, on the other hand, did not show any statistical significance (F=3.071; 
p=.0837 and F=.854; p=.3583 respectively). With regard to the examples with nasal 
C2, KOM_A and SAN_A demonstrated statistical significance (F=3.971; p=.0499 
and F=12.238; p=.0008 respectively) but not HON_E (F=.177; p=.6752). 
The above results may be related to the pitch pattern of word tokens. As far as the 
results obtained in this study are concerned, it can be said that the perceptual judgment 
of C2 is influenced by the duration of Vl in a word with an HL tone (i.e. when Vl is 
assigned an H tone), while it is not influenced by the Vl duration in a word with an 
LH tone (i.e. when Vl is assigned an L tone). 
Although Watanabe and Hiratoo ( 1985) claim that the perceptual boundary of C2 is 
directly influenced by the duration of Vl, their observation is based only on three sets 
of meaningless words ([apa/appa], [ata/atta] and [aka/akka]), all of which had an HL 
tone, and observations of words with an LH tone were not conducted. Consequently, 
they did not investigate the interrelation between the perceptual boundary and pitch 
pattern. The results obtained in the present study seem to suggest that NS perceptual 
boundary of C2 is influenced by the duration of Vl only when an H tone is assigned 
to the first CV. Further study is required of the details of interrelation between pitch 
patterns and NS perceptual judgment. 
66 
The results of this experiment suggest that a longer duration is required for NS to 
perceive a long V2, in accordance with the increase of Vl duration.21 This situation 
seems to be the same in some C2. The subjects' perceptual judgment is, in other 
words, affected by the duration of V 1. There are no 'fixed' threshold values between 
short and long phonemes for NS, but listeners' perceptual judgments are made in 
relation to the duration of other segment within the word. 
If we consider V 1 duration as a correlate of speech tempo, as mentioned previously, 
we can say that NS perceptual mechanism allows their perceptual judgment to be 
adjusted in accordance with the speech tempo. 
Stability of judgment 
The standard deviations generally range between 15-25% for V2, 20-40% for 
obstruent C2 and 10-20% for nasal c2.22 The standard deviation is generally greater 
with C2 and thus it can be said that NS judgment is more stable with V2 than 
obstruent C2. 
3.2.3 Summary 
In this section, we have claimed that a longer duration was required for NS to 
perceive a long V2, in accordance with the increase of Vl duration. This situation is 
the same with regard to C2 in a word with an HL pitch pattern, but not with an LH 
pitch pattern. This is an interesting finding because Watanabe and Hiratoo (1985) did 
not point out the relationship between the influence of Vl duration upon the perceptual 
judgment of C2 and the pitch pattern of the word. As far as the results obtained in this 
study are concerned, it is not possible to say that NS perceptual boundary is uniformly 
influenced by the duration of Vl. 
21 This does not mean, however, that the threshold values become two times greater when V 1 is 
expanded from 70% to 140%. The percentage increase for threshold values is usually only about 10% 
more when V l is expanded than when V l is shortened. 
22 The smaller standard deviation for nasal C2 may be due to the fact that the stimuli intervals 
were 10% for nasal C2 while those were 20% for obstruent C2 and the word-final V2. 
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This section has also claimed that differences between the ascending and descending 
series were generally not statistically significant. 
These findings seem to imply that (1) NS perceptual judgment of V2 and some C2 
operates as a function of the Vl duration (2) NS perceptual judgment does not involve 
a large amount of uncertainty (thus it is categorical). 
In summary, the NS results imply that there is no fixed duration which can be 
considered as appropriate for a long phoneme for NS, but that the perceptual judgment 
seems to be relative to the duration of other segments within the word. This is also an 
indication of the interrelation between speech tempo of the utterances and the listeners' 
perceptual judgment. Without reference to such a relative parameter, it is impossible to 
state the appropriate duration for a long phoneme purely in relation to the duration of 
its single counterpart. 
. The standard deviation is generally greater in geminate C2 than long V2 and thus it is 
claimed that NS judgment is more stable with long V2 than geminate C2. 
3.3 Australian beginning learners 
In this section, the learners' results are presented and compared with those of the 
Japanese NS described in the previous section. 
3.3.1 Subjects 
Ten Australian beginning learners with normal hearing were the subjects of the 
experiment. 
The subjects were enrolled in the first year Japanese course at the Australian 
National University (ANU). All subjects had an Australian background with little 
previous knowledge of the Japanese language before they started their ANU course. 
All students spoke Australian English as their Ll.23 The recording was conducted two 
23 See Oasa (1980) for geographically correlated sound varieties in Australian English. He 
concludes that certain acoustic characteristics appear consistently among speakers of Australian 
English from different regions, but the general identification rate to detect speaker's origin is low. His 
conclusion is that 'the regional differences in Australian English are felt by many speakers, who 
express them as stereotypes, and the differences do exist, but they are not 'marked' enough for general 
identification' ( 1980:90). 
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months into the course in the first semester of 1993, and at that stage all the subjects 
were aware of phonological durational contrast in Japanese. The age group of the 
subjects was between eighteen and twenty except for BS who was in his mid-forties. 
Three male and seven female subjects participated in the experiments. 
3.3.2 Results 
This section presents beginners' results. They are compared with the NS results 
which were discussed above. 
Vowels 
CV07CV KAOTfE RI07KA I07SO 
A.S 165% 178% 156% 
S.D 32% 27% 29% 
D.S 204% 209% 195% 
S.D 33% 39% 27% 
CV14CV_ KA14TE_ RI14KA 
-
114SO 
-
A.S 174% 192% 163% 
S.D 32% 29% 22% 
D.S 208% 220% 204% 
S.D 36% 28% 21% 
Obstruents 
CV07C V KA07T E RI07K A I07S 0 
A.S 173% 163 % 172% 
S.D 40% 39% 42% 
D.S 212% 200% 205% 
S.D 31% 30% 32% 
CV14C V KA14T E RI14K A I14S 0 
A.S 165% 169% 165% 
S.D 40% 45% 37% 
D.S 191% 202% 176% 
S.D 31% 39% 33% 
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Nasals 
CV07N_V K007M A H007N E SA07N A 
A.S 68% 74% 74% 
S.D 14% 13% 18% 
D.S 88% '07% 88% 
S.D 15% 13% 15% 
CV14N_V K014M_A H014N_E SA14N A 
A.S 72% 69% 73% 
S.D 16% 16% 19% 
D.S 80% 84% 71% 
S.D 16% 14% 14% 
Tables 3.11 Average Values - Beginners 
A.S: ascending series 
D.S: descending series 
S.D: standard deviation 
CV07CV KA07fE RI07KA 
T.V 185% 194% 
A.D 283.02 254.45 
CV14CV KA14TE Rll4KA 
T.V 191% 206% 
A.D 292.99 270.89 
CV07C V KA07f E RI07K A 
T.V 193% 182% 
A.D 220.80 228.15 
CV14C_ V KA14T E Rl14K_A 
T.V 178% 186% 
A.D 204.17 233.17 
CV07N V K007M A H007N E 
T.V 78% 80% 
A.D 165.30 145.89 
CV14N V K014M A H014N E 
T.V 76% 77% 
A.D 161.58 139.08 
I07SO 
176% 
271.67 
114SO 
184% 
284.06 
107S 0 
189% 
200.00 
114S_O 
171% 
180.90 
SA07N A 
81% 
131.86 
SA14N_A 
72% 
117.58 
Table3.12AverageThreshold Values - Beginners 
T. V: Average Threshold Values of ascending and descending series(%) 
A.D: Absolute Duration (msec) 
70 
220% 
200% 
~::: i·-----·~:~ 
140% 
120% 
100% -t------f------t 
KA07 
TE_ 
220% 
200% 
180% 
RI07 
KA_ 
I07 
so_ 
·-=··~----~ ~-------· 160% -· 
140% 
120% 
100% -----------1 
140% 
120% 
100% 
80% 
KA07 
T_E 
RI07 
K_A 
!07 
s_o 
·----------·-----
60% 'f 
40%~+------+--------t 
K007 
M_A 
H007 
N_E 
SA07 
N_A 
220% 
140% 
120% 
100%-1------+-------1 
KA14 
TE_ 
220% 
200% 
180% 
Rll4 
KA_ 
I 14 
so_ 
---------·---------
160% t• 
140% 
120% 
100% -----------1 
KA14 
T_E 
140% 
120% 
100% 
RI14 
K_A 
114 
s_o 
60%1· x 
40% -+------ti!------~ 
K014 H014 
M_A N_E 
SA14 
N_A 
Fig.3.2 Graphs for perception by beginning leamers24 
Ascending (black), Descending (white) 
Threshold Values 
Firstly, t-test results found that the V2 threshold values obtained from this group of 
beginners were always greater than those obtained from NS (see Appendix 3.5). This 
means that the duration of V2 has to be longer to be perceived as long phonemes by 
24 X in the graphs shows where learners indicated a question mark before JND. Appendix 3.4 
shows the values for which question marks were indicated. 
71 
the learners. For example, the threshold values in KA07TE_ are 159.5% (NS) and 
184.5% (beginners) and the difference is significant (t=-3.68; p=.0004). In terms of 
duration, these figures are 245 msec (NS) and 283 msec (beginners). In KA14TE_, 
the values are 174% (NS) and 191 % (beginners) and the difference is also significant 
(t=-2.486; p=.015). These figures are 267 msec (NS) and 293 msec (beginners). In 
terms of duration, the perceptual boundary for V2 in the KA TE series differs from 30 
to 40 msec between beginners and NS subjects. 
Within this perceptual domain, beginners would perceive the stimuli as short V2 
while NS would perceive the same stimuli as long V2. Examples of differences in the 
perceptual boundaries (i.e. the differences between ascending and descending series 
are averaged) for CVCV _between NS (normal line) and beginners (dotted line) are 
shown below: 
beginners 
220% 
200% 
180% 
------ ...... 
----- ... _ ... 
160% 
140% NS 
120% 
100% 
KA07 RI07 I07 
TE_ KA_ so_ 
220% 
200% 
180% 
160% 
140% 
120% 
100% 
--
KA14 
TE_ 
Fig.3.3 Differences in the perception of NS and beginners (V2) 
___ .. _ ~ beginners 
---- ""' ...... 
NS 
RI14 I 14 
KA_ so_ 
The beginners show greater values in both graphs compared to NS with regard to 
long V2. If we define the perceptual boundary of NS (normal line) as a target, the 
distance between the NS and learners' values can be regarded as an inaccurate 
perceptual target on the part of beginners. This could also be the domain in which a 
perceptual discrepancy between NS and beginners may occur when they listen to the 
same stimuli. 
The following graphs show the differences in C2 threshold values between NS and 
beginners. 
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... ---180% 
160% 160% 
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120% 120% 
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T_E K_A s_o T_E 
Fig.3.4 Differences in the perception of NS and beginners (C2) 
RI14 
K_A 
beginners 
I 14 
s_o 
It was found that the differences in the average threshold values of beginners in 
KA07T _E and RI07K_A are significantly greater than those of NS (t=-2.535; 
p=.0132 and t=-3.449; p=.0009 respectively). In 114S_O, on the other hand, NS had 
. a greater threshold value than beginners. The threshold values in I 14S_O are 209.5% 
(NS) and 170.5% (beginners) and the difference is significant (t=5.057; p=.0001). 
No significant difference was observed in 107S_O, KA14T_E and RI14K_A. 
As far as KA07T _E and RI07K_A are concerned, it can be said that the learners 
have inaccurate perceptual targets which require a longer duration for the perception of 
long phonemes than it does for NS. This situation is similar to the perception of V2 
described above. 
On the other hand, it first appears as if the beginners' perceptual boundary is similar 
to that of NS in KA14T _E and RI 14K_A. This situation is different from the V2 data, 
where the learners consistently required longer duration to perceive long phonemes. 
The present data, however, cannot simply be interpreted as demonstrating similarities 
in the actual perceptual mechanism between the two groups. The similarity seems to 
have been caused by the fact that beginners' average threshold values did not increase 
in accordance with Vl duration (see below VJ duration). Thus it is not possible to say 
that the nature of the learners' perceptual boundary is the same as that of NS. 
Interestingly, the threshold values for fricative C2 are significantly smaller for 
beginners than for NS. This means that the duration of fricative C2 does not need to 
73 
be as long to be perceived as a long phoneme by learners. For example, beginners 
may perceive an IS_O stimuli as containing a long fricative C2 while NS would regard 
the same stimuli as containing a short fricative C2. Smaller threshold values for 
beginners' data only appear in fricative C2. It is interesting to note that this is the 
reverse situation from the general tendency of stop C2 and V2. 
The following graphs demonstrate the perceptual boundaries for nasal C2. 
140% 140% 
120% 120% 
100% 100% 
beginners beginners 
80% 
---------·--------
80% 
60% NS 60% NS 
40% 40% 
K007 H007 SA07N K014 H014 SA14 
M_A N_E _A M_A N_E N_A 
Fig.3.5 Differences_in the perception of NS and beginners (nasal C2) 
The differences in the threshold values between NS and beginners were statistically 
significant in all examples. The examples show greater values for beginners than for 
NS, except for SA14N_A (see Appendix 3.5 for statistics). Beginners' threshold 
values tended to be greater than that of NS, which is a similar tendency as observed in 
V2. 
In Chapter 4, we investigate whether the incorrect perceptual targets found in this 
chapter account for any production errors by beginning learners. 
Ascending and descending series 
In the case of NS, it was generally the case that the differences between the 
ascending and descending series were not statistically significant, although the average 
threshold values for the ascending series were greater than the values for the 
corresponding descending series. Conversely, the results obtained for beginning 
learners of Japanese showed that absolute values for the descending series were 
almost always larger than those for the ascending series. The differences between the 
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ascending and descending series were statistically significant in most cases (Appendix 
3.6). 
These results may be interpreted as evidence that the learners have different 
perceptual mechanisms from those of NS. In the case of beginners, the results may be 
affected by the error of expectation (Guilford 1959 [1954]) because unlike NS, they 
have not yet established certain threshold values to which they relate their perceptual 
boundaries. 
The average distance between the ascending and descending series is obviously 
greater in learners' data than in the NS data. Thus it can be said that the degree of 
uncertainty (i.e. 'grey area') involved in learners' perceptual judgments is greater than 
for NS, and thus it is less categorical than NS perception. 
VJ duration 
In the NS data, it was claimed that perceptual judgment of V2 and some C2 was 
affected by the V 1 duration, since the average threshold values were generally greater 
when the Vl duration was expanded (i.e. 140%) than when it was shortened (i.e. 
70%). 
In order to observe the interrelation between the duration of Vl and the threshold 
values for beginners, 2-factor Anova was undertaken in the same way as for the NS 
data shown above. It was found that no example showed significantly greater 
threshold values for longer Vl duration (Appendix 3.7). Instead, IS_O and SAN_A 
showed that the average threshold values was significantly greater when the duration 
of Vl was short than when it was long, which is opposite from the expectation. This 
tendency is not seen in NS results since NS data generally show an increase in 
threshold values accompanying expanded Vl duration. These results imply a 
difference in the nature of perceptual judgment between the two groups. If we can 
relate Vl duration to speech tempo, it could be said that beginners have not yet 
acquired the skill to adjust their perceptual judgment in accordance with the increase in 
speech tempo. 
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From these results, it can be said that the percentage increase in perceptual 
boundaries does not operate as a function of the duration of Vl with regard to 
beginners. Therefore, it is not possible to say that the perceptual judgment of 
beginners is systematically affected by the duration of Vl in the same way as that of 
NS. 
Stability of judgment 
The standard deviation of threshold values for long obstruents is generally greater 
than those shown in the NS data. This means that the learners' perceptual judgment is 
more unstable than that of NS. It is interesting to note that the standard deviation of the 
obstruent C2 is greater than that of the word-final V2 for both beginning learners and 
NS. It seems that the perceptual judgment of C2 involves greater instability regardless 
of whether the subject is NS or NNS. 
3.3.3 Summary 
Here the results of ANU beginning learners are summarised, and compared with 
those of NS. We have claimed that the NS and beginners have different perceptual 
mechanisms. In other words, learners had inaccurate perceptual targets when the NS 
norms were regarded as targets. 
1. Threshold values were generally greater than NS for V2 and some C2, which 
means that the duration of these sounds needed to be longer for beginners to judge 
them as long phonemes. (114S_O and SA14N_A were exceptions to this.) 
2. The results obtained from beginners demonstrated that the average values of the 
descending series were almost always greater than those of the ascending series, and 
the differences were generally statistically significant. Therefore, it was claimed that 
the beginners' perception was not as categorical as that of NS. 
3. It was found that beginners' perceptual judgment was not affected by the duration 
of Vl in the same way as NS. 
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In summary, the results obtained in this section seem to imply that different 
processes are in operation in the perceptual mechanisms of NS and beginners. 
3.4 Australian advanced learners 
The advanced learners' results are presented in this section, and compared with 
those of NS and beginners discussed above. 
3.4.1 Subjects 
Eight advanced speakers participated in this study; five from the Department of 
Foreign Affairs and Trade (DFAT) in Canberra (AA, BL, RA, RS and SF), one from 
the ANU (SB), and two from the Australian Embassy in Tokyo (CI and TN). None of 
the subjects suffered from hearing or speaking disorders. All subjects have an 
Australian background and speak Australian English as their Ll. There were five male 
and three female subjects. The subjects from DFAT had higher than S3/R3 rating of 
the Japanese language proficiency level as assessed by the Language Training Unit, 
DFAT.25 The speaker from the ANU (SB) had studied Japanese for eight years and 
was working for the Australia-Japan Research Centre at the ANU while continuing her 
studies in Japanese. This subject has a Japanese mother and was brought up in a 
Japanese-English speaking environment. The two subjects from the Australian 
Embassy were also fluent in Japanese. CI is engaged in English-Japanese translation 
and interpreting at the Translating section at the Australian Embassy, and also speaks 
Japanese at home with her Japanese husband. She studied Japanese at high school and 
university, then studied for one year at an interpreting school in Japan. TN had taken 
two year's intensive Japanese language training and had received a result higher than 
S3/R3 before he started working at the Embassy. It was towards the end of his three-
year posting in Tokyo when TN participated in my project. All subjects have lived in 
Japan and have used Japanese at work. 
25 S=Speaking; R=Reading/Writing; 5=native, 4=near native; 3=advanced; 2=intermediate; 
l=beginner. 
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3.4.2 Results 
The following are the results obtained from the advanced learners. 
Vowels 
CV07CV KA07fE RI07KA l07SO 
A.S 156% 175% 153% 
S.D 21% 27% 31% 
D.S 161% 178% 153% 
S.D 31% 46% 40% 
CV14CV KA14TE RI14KA l14SO 
A.S 173% 179% 168% 
S.D 27% 22% 25% 
D.S 169% 195% 159% 
S.D 41% 42% 37% 
Obstruents 
CV07C V KA07f E RI07K_A l07S 0 
A.S 170% 143% 176% 
S.D 27% 22% 28% 
D.S 175% 143% 190% 
S.D 40% 27% 31% 
CV14C V KA14T E RI14K A I14S 0 
A.S 198% 155% 186% 
S.D 54% 26% 33% 
D.S 184% 173% 159% 
S.D 44% 40% 40% 
Nasals 
CV07N_V K007M_A H007N_E SA07N_A 
A.S 69% 81% 74% 
S.D 11% 13% 13% 
D.S 76% 78% 71% 
S.D 13% 13% 16% 
CV14N V K014M A H014N E SA14N A 
A.S 71% 84% 83% 
S.D 12% 13% 14% 
D.S 74% 80% 71% 
S.D 14% 18% 17% 
Tables3.14Average Values -Advanced learners 
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CV07CV KAO'ITE RI07KA I07SO 
T.V 159% 176% 153% 
A.D 243.52 231.77 236.07 
CV14CV KA14TE RI14KA Il4SO 
T.V 171% 187% 163% 
A.D 261.74 245.74 252.52 
CV07C_V KAO'IT_E RI07K_A I07S_O 
T.V 173% 143% 183% 
A.D 197.86 179.12 194.30 
CV14C_V KA14T_E RI14K_A I14S_O 
T.V 191% 164% 173% 
A.D 218.65 205.83 183.02 
CV07N V K007M A H007N E SA07N A 
T.V 73% 79% 72% 
A.D 154.14 144.30 117.88 
CV14N_V K014M_A H014N_E SA14N_A 
T.V 73% 82% 77% 
A.D 154.14 149.42 126.05 
Table 3.15 Average Threshold Values - Advanced learners 
T. V: Average Threshold Values of ascending and descending series(%) 
A.D: Absolute Duration (msec) 
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Threshold values 
The threshold values of advanced learners are generally smaller than beginners. For 
example, the threshold values for KA07fE_ and KA 14TE_ are 283 msec and 293 
msec for ANU beginners, while the corresponding values for advanced learners are 
244 msec and 262 msec. In fact, these values are very similar to NS (245 msec and 
267 msec respectively). All evev _examples share this close similarity with NS data 
(Appendix 3.9). eve_ V examples also showed the same tendency in the KA TE and 
RIKA series. 
With regard to the ISO series, however, the threshold values were significantly 
smaller than the corresponding data obtained from NS (I07S_O (t=2.869; p=.0054) 
and 114S_O (t=4.327; p=.0001) respectively). This is an interesting finding because 
fricative e2 also showed smaller values in the beginners' data than the NS data. On 
26 Appendix 3.8 shows the values for which question marks were indicated by advanced learners. 
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the other hand, the values of KOMA and HONE series were found to be significantly 
greater than those of NS (i.e. K007M_A (t=-4.543; p=.0001), K014M_A (t=-2.303; 
p=.0243), H007N_E (t=-3.558; p=.0007) and H014N_E (t=-3.555; p=.0007)). This 
finding is also interesting because the same tendency was found in the beginning 
learners' data. 
T-tests were conducted in order to observe if the differences in threshold values 
between beginning and advanced learners were significant. It was found that all the 
differences involved in the above examples were not statistically significant between 
the two groups (i.e. I07S_O (t=.628; p=.5321), I14S_O (t=-.23; p=.8188), 
K007M_A (t=l.46; p=.1488), K014M_A (t=l.009; p=.3162) and H007N_E 
(t=.264; p=.7927) and H014N_E (t=-1.485; p=.1421)). Thus from this respect, we 
can assume that perception of eve_ v by advanced learners shares more similarity 
with beginning learners than NS when e2 is fricative and nasal e2. 
The above findings imply that the perception of advanced learners is intermediate 
between NS and beginners (see 3.5 Discussion). The results obtained in this 
experiment could also imply that the perceptual judgment of fricative and nasal e2 may 
be more influenced by language specific rules, and perhaps more challenging for 
advanced learners (as well as for beginners) to acquire than that of stop C2. 
Ascending and descending series 
With regard to the advanced learners' data observed in this study, the distance 
between the ascending and descending series is very small. The results of the t-test 
showed that the differences between the ascending and descending series were not 
significant except for 114S_O (t=2.126; p=.0418) and SA14N_A (t=2.122; p=.0422) 
(see Appendix 3.10). This was similar to the data obtained from NS, although the 
'cross-over' effect described in NS data was not consistently observed. 
This situation is different from the results for beginners, which showed that the 
percentage duration of the descending series tends to be greater than that of the 
ascending series. 
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The advanced learners had little 'grey area' in their perceptual judgment, unlike 
beginning learners, which implied that the advanced learners' perceptual judgment was 
similar to that of NS (i.e. more categorical than that of beginners). 
VJ duration 
The perceptual boundary does not seem to be affected by Vl duration with either e2 
or V2 for advanced learners (Appendix 3.11). The only example which demonstrates a 
greater threshold value when the duration of Vl is expanded to 140% in comparison 
with when the Vl duration is shortened to 70%, is RIK_A (F=8.321; p=.0054). 
It is interesting to note that statistical significance was obtained only in RIK_A 
concerning the influence of Vl duration upon NS perceptual boundary as well. This 
may be further supporting evidence for the assumption that the influence of Vl 
duration depends on the pitch pattern of the words (i.e. HL tone). 
No other e2 nor V2 show a significant difference. Thus as far as the influence of Vl 
duration upon perceptual boundary is concerned, advanced learners' data share more 
similarity with those for beginners than those for NS. 
Stability of judgment 
The standard deviation of threshold values is usually greater than that of Japanese 
NS. 
3.4.3 Summary 
1. It was found that the results obtained from advanced learners were similar to 
those of NS with regard to evev _ and eve_ V when e2 was a stop e2. The 
threshold values of these examples are smaller than those of beginning learners. 
2. When e2 was a fricative or nasal e2, on the other hand, advanced learners' 
results shared more similarity with those of beginning learners than those of NS. The 
threshold values were smaller in fricative e2 and greater in nasal e2. 
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3. The differences between the ascending and descending series were generally not 
significant. This means that the advanced learners' perception is more categorical than 
that of beginners, and thus similar to the results obtained from NS. This finding 
implies the developmental nature of learners' perceptual categorization. 
4. V 1 duration did not affect their perceptual boundary. This was similar to 
beginners and different from NS. 
3.S Discussion 
The above results are summarised in the following table. ANU beginning learners 
and advanced speakers show the following tendencies (0= similar to NS; X= 
dissimilar to NS) when the NS norm is regarded as the perceptual target: 
BEGINNER ADVANCED 
ascending I descending x 0 
Vl duration x x 
threshold values x 0 (stop C2 and V2) 
X (fricative and nasal C2) 
Table 3.16 Similarities shared with NS results (perception) 
The advanced learners' data shown above demonstrate a good example of perceptual 
approximation (instead of phonetic approximation) where the characteristics of their 
speech perception are at an intermediate stage between NS and beginners. In previous 
studies, examples of phonetic approximation have been presented concerning learners' 
speech production (e.g. VOT in advanced learners speech in Toda (1994)). To the best 
of my knowledge, however, no other previous studies have investigated the details of 
Japanese learners' speech perception as an intermediate stage between NS and 
beginners. The present study found that L2 approximation is not only present at the 
level of speech production, but also at the level of speech perception. 
The following is the finding of this chapter: 
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l) In terms of perceptual boundaries both beginners and advanced learners 
demonstrated some differences from NS. In other words, all L2 learners (even near-
native advanced learners) had inaccurate perceptual targets at the level of speech 
perception. 
2) Advanced learners' data, however, shared more similarities with NS data than 
did beginners' data. This finding implies the developmental nature of learners' 
perceptual judgment. The advanced learners' data shows an example of L2 
approximation where the characteristics of their perception is in between those of 
beginners and NS. 
3) Neither beginners nor advanced learners were able to perform like NS with 
respect to Vl duration. This phenomenon may be rephrased as learners not being able 
to adjust their perceptual judgment in accordance with speech tempo. This may be a 
limitation pertaining to the acquisition of NS perceptual norms by learners of 
Japanese. 
4) The characteristics of the learners' perceptual judgment seem to account for some 
of the characteristic features of their pronunciation reported in Toda ( 1994 ). 
The present study found that longer duration was generally required for the 
perception of V2 and C2 (except for a fricative C2) by beginners, and this seems to 
correspond with the finding that longer duration of V2 and C2 is involved in their 
speech production (Toda 1994). Also, Toda (1994) reported that the durational ratios 
of C2/Vl and V2/Vl were inconsistent in beginners' speech production. This seems 
to be related to the fact that the learners' perceptual judgment does not operate as a 
function of Vl duration. In other words, although learners have the concept of 
long/short contrast, they have not acquired the concept of the segmental duration in 
relation to the preceding vowel as an important part of NS timing organization. The 
interrelation between their speech perception and production seems to imply that 
learners' inaccurate perceptual categorization affects their speech production (see 
Chapter 4 for further discussion). 
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One area worthy of further investigation for future study is the interrelation between 
learners' perceptual mechanisms and different IL strategies they apply in their speech 
production. Another area of interest is the further investigation of intermediate-
advanced level learners in order to examine when learners' perceptual boundaries 
become similar to the NS norm. This chapter found that the advanced group shared 
similar perceptual boundaries with NS, while beginners did not show any similarity 
with NS in this regard. (Additionally, Chapter 6 demonstrates how beginners' 
perceptual judgments gradually become more accurate in relation to perceptual targets 
over one year.) Thus the learners' perceptual target had been modified somewhere 
between intermediate level to near-native advanced level in the process of language 
acquisition. Further study needs to be conducted on the acquisition of NS perceptual 
boundaries by intermediate-advanced level learners. 
3.6 Conclusion 
This section has examined the development of inaccurate perceptual categories by 
learners of Japanese. Three different groups, namely, NS, beginning and near-native 
advanced speakers were observed in order to examine the differences involved in their 
perceptual boundaries. The results obtained from the three groups of informants were 
summarised in 3.5, and the similarities and differences were discussed. 
The acquisition of the perceptual norms of NS is a challenging task for learners 
which requires as much time and practice as (if not more than) that of speech 
production. 
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Chapter 4 Production 
In this chapter, aspects of timing organization are discussed from the viewpoint of 
speech production. 
4.1 Experiments 
4.1.1 Test words 
The subjects were asked to read fifteen test words which included durational 
contrasts in intervocalic consonants and word-final vowels (see Table 4.1). 
1. kate 'source' 2. katte 'selfish' 3. katee 'orocess' 
4. rika 'science' 5. rikka 'first day of summer' 6. rikaa 'liquor' 
7. iso 'beach' 8. isso 'rather' 9. isoo 'removal' 
10. hone 'bone' 11. honne 'true feeling' 
12. koma 'spinning top' 13. komma 'comma' 
14. saga 'nature' 15. sanga 'mountains and rivers' 
Table 4.1 Test words 
The words were presented in Japanese orthography; pitch patterns and romanized 
equi val en ts of the Japanese words were also presented for the benefit of the non-native 
subjects. 
4.1.2 Procedure 
The recordings were made in a quiet room using a professional quality recorder and 
microphone. Each token was repeated three times at normal speed. Auditory 
impressions of the recorded data were transcribed before acoustic observations were 
made by the author. The recorded data were then analysed using Signalyze 2.08 
(Keller 1992) (see 4.1.3). 
The average values and ratios of the following items were then obtained using 
Microsoft Excel: 
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1) The duration of the first consonant (Cl),27 the first vowel (Vl), the intervocalic 
consonants (C2), VOT28 and the word-final vowel (V2). 
2) Total word duration, 
3) Long/short contrast (the ratio of long to short C2 or V2, normalizing long C2 or 
V2 as 100). 
4) C2/Vl (the ratio of the duration of the intervocalic consonant to that of the 
preceding vowel). 
The duration of VOT was measured and presented as mentioned above, but whether 
VOT should be included in C2 or V2 is a controversial issue (Weismer 1979; 
Beckman 1982b). In this paper, ratios for short/long phonemes are presented without 
including VOT in either C2 or V2. The observation of VOT is conducted separately 
because of the concern that ifVOT is included in the preceding or following segment 
at this stage, the observations for the durational contrast may be affected by the 
different nature of VOT between NS and learners. 
4.1.3 Acoustic measurement 
This section reports the details of acoustic measurement and of spectrum 
segmentation. 
The recorded data were analysed using Signalyze 2.08. The speech signal was fed 
into a Macintosh computer through MacRecorder with a sampling frequency of 22 Hz. 
This device allows the time scale (X axis) of the spectrogram to be expanded, which is 
useful for detailed observation. 
Wide band spectrograms (8 ms/125 Hz) were obtained together with waveforms for 
segmentation. The range of the spectrogram can be set at one of three levels (full-
range 0-11128 Hz; half-range 0-5564 Hz; quarter-range 0-2782 Hz), which also 
proved useful. The setting was changed depending on what observations were being 
27 The word [iso] has a word-initial vowel and thus does not have Cl. Also it was not possible to 
measure the duration of the closure period for the word-initial velar stop [k], and therefore the 
measurement of the first consonant (Cl) only refers to VOT. In intervocalic position (C2), duration 
refers to the hold and VOT. 
28 The observation of VOT is given only for voiceless stops. 
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sought: for example, it was set at half-range in order to observe the details of 
fundamental frequencies (FO), first formant (Fl) and second formant (F2) patterns of 
vowels, and at full-range for the observation of fricative consonants since they were 
associated with high frequency noise. 
Narrow band spectrograms (25 ms/40 Hz) also provided additional information 
about pitch patterns (see below). The criteria for segmentation are given in the 
following section. 
4.1.J.1 Cl 
Stops 
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Fig.4.1 [k] in [kaw] (example from a Japanese NS). 
The closure period of voiceless stops cannot be measured in a word-initial position. 
Therefore the acoustic measurement of [k] in this study refers to the VOT which is 
measured from the point of release of oral closure until just before the onset of 
phonation of the following vowel which is indicated by clear periodicity. 
Vertical lines on speech waves show the starting and ending point of the 
measurement for each segment. 
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Fricatives 
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Fig.4.2 [s] in [sat:19a] (example from a Japanese NS). 
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The onset of word-initial fricatives such as [s] is measured as the point where high 
frequency energy is present (around 5000-6000 Hz and above) before the onset of 
phonation for the following vowel. Therefore, wide band spectrograms are set at full-
range for the analysis of fricatives as illustrated in Fig.4.2. 
Liquid 
Word-initial/r/29 is measured from where discontinued formant frequencies, which 
indicate a flap, are observed (Fig.4.3). 
29 Japanese /r/ is regarded as a flap [r] and does not occur in word-initial position in 
etymologically native words (Shibatani 1990: 163). The allophones of this phoneme are as follows: a 
flap [r), an approximant [J], an alveolar lateral [IJ and a retroflex plosive [ct] (International Phonetic 
Association 1984[1949):44). 
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Fig.4.3 [r] in [rika] (example from a Japanese NS). 
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· Some learners produced a multiple-rolled sound [Rpo instead of a single flap [r] as 
shown below. 
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Fig.4.4 [R] in [Rika] (example from a beginner) 
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30 In the IPA system, [R] is used to transcribe a uvular flap/trill. In this dissertation, [R] is used to 
distinguish a fully rolled alveolar trill from a single flap [r]. 
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The duration of a fully rolled trill is usually longer than a single flap. More than two 
discontinued shadings are observed in the spectrogram (Fig.4.4). 
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Fig.4.5 [r] in [rika] (example from a beginner) 
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Fig.4.6 [B"] in [B"ika] (example from a beginner) 
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As in word-initial position, the onset point of a word-internal vowel is usually clear 
from both waveform and spectrogram (Fig.4.7). The off set point of the word-internal 
vowel is also usually obvious in the waveform when the following consonant is [ti or 
[k] because of the silent closure period of the voiceless stop. When C2 is a nasal 
consonant, however, the off set point of the preceding vowel is less clear, since the 
nasal is a sonorant and thus the waveform is continuous. this case, additional 
information from the spectrogram is useful since the vowel off set point can be 
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identified with reference to the ending of the Fl (first formant) and F2 (second 
formant) of the vowel. 
4.1.3.3 Single C2 
Stops 
a 
0.0 220.0 
t 
250.;:i 280.0 310 0 
Fig.4.8 [t] in [kate] (example from a Japanese NS). 
340.0 370.0 400 
Voiceless stops in word-internal position are relatively easy to handle in terms of 
segmentation (Fig4.8). The closure duration and VOT are measured independently as 
shown above. 
Fricatives 
The onset of word-internal fricatives is measured using a full-range wide band 
spectrogram (Fig.4.9). The criteria for segmentation are similar to those for fricative 
consonants in word-initial position (see Fig.4.2). 
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Fig.4.9 [s] in [isoo] (example from a Japanese NS). 
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The duration of nasal consonants such as [m], [n] and [U] in word-internal position 
is defined with reference to the off set and onset of the preceding and following vowels 
respectively (Fig.4.10). 
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Saga can be pronounced as either [saoa] or [saga], and in some cases learners may 
alternate between these two.3 1 An example of [saga] is shown in Fig.4.11: 
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Fig.4.11 [g] in [saga] (example from a Jap~nese NS) (See Fig.4.14 for [tJ]). 
4.1.3.4 Geminate C232 
Stops 
35 
The duration of long stops is measured in a similar way to single stops. The off set 
of the V 1 is often abrupt in the speech production of NS as shown in Fig.4.12. 
31 In the present study, there is a tendency for Australian learners to use the form [sagga] more 
often than [sagga], because they are taught that it is the correct pronunciation. On the other hand, all 
Japanese NS observed in this study pronounced saga as [saga]. The age group of the Japanese NS was 
between twenty and thirty. It is known that young speakers of Tokyo standard Japanese use a velar 
stop [g] while older people use a velar nasal [ill word internally (Kindaichi 1942). According to E. 
Iwamoto (personal communication), there is a new tendency for young Tokyo speakers to pronounce a 
velar fricative, for example, [e:-va] instead of [e:ga] 'movie'. 
32 In this thesis, single/geminate distinction is used rather than short/long distinction (eg. [k] vs 
[kk]) in the description of the phonological durational contrast of C2. This is not because of my 
preference for the concept of gemination, but simply to avoid the following confusion: during the 
observation of learners' speech production, I realised that the duration of geminate segments ( eg. long 
intervocalic consonant in [rikka]) was often shorter than that of single segments (eg. short intervocalic 
consonant in [rika]). I call this a reverse realisation of phonological contrast (see Chapter 4). When 
this kind of phenomenon is observed in the speech production of L2 learners, it is unclear whether 
'short' or 'long' refers to the contrast at the phonetic or phonological levels. 
The short/long distinction, however, may be used in the description of V2 since it is not a 
common practice to refer to a long V2 as a geminate V2. 
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Fig.4.12 [tt] in [katte] (example from a Japanese NS). 
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The onset of word-internal long fricatives is measured using a full-range wide band 
spectrogram (Fig.4.13). The criteria for segmentation are similar to those for word-
internal short fricatives (Fig.4.9). 
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as one same as 
as , on 
are are 
The offset of [!J] is recognized by the end of nasal resonance, which occurs 
when soft palate rises for the glottal closure for the following 
observed between 1000-2000 Hz. 
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Fig.4.14 [!J] in [saooaJ (example from a Japanese NS). 
4.1.3.S V2 
Word-final vowels 
g 
2380.0 
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Vowels in word-final position are usually accompanied by a glottal stop for NS, 
and often terminate with irregular periodicity (Fig.4.15). The off set position is 
determined in terms of the end point of periodicity in the waveform and the energy 
present indicating phonation in the spectrogram. 
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Fig.4.15 [ e] in [kate] (example from a Japanese NS). 
4.2 Japanese NS 
4.2.1 Subjects 
60.0 490.0 520. 
The ten Japanese NS who participated in the perception test (Chapter 3) were the 
subjects of this experiment. 
4.2.2 Results 
The following graphs and charts show the average figures for the ten Japanese NS 
(see Appendix 4.1 for average values). 
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Fig.4.16 NS average (1-6) 
4.2.2.1 Word duration 
With regard to word duration, the difference between two- and three-mora 
expressions is always significant (Fig.4.16). 
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When the word duration of two-mora CVCV expressions is treated as 100, the 
ratios of the corresponding three-mora CVCCV and CVCVV expressions are as 
shown in Table 4.2: 
SERIES RATIO 
kate/katte/katee 100: 142: 134 
rika/rikka/rikaa 100: 151: 140 
i so/isso/isoo 100: 146: 151 
koma/komma 100:140 
hone/honne 100: 150 
saga/sanga 100: 129 
Table 4.2 Word duration (ratio) 
The average ratio of the three-mora expressions is 143% of the corresponding two-
mora expressions. Amongst all the examples, the SAGA series showed the smallest 
differentiation ratio with respect to word duration (100: 129). Therefore, the phonetic 
reality of the mora is not strictly isochronous. As far as the data presented in this 
study are concerned, it can be said simply that the duration of a three-mora expression 
is always longer than that of a two-mora expression. 
4.2.2.2 Long/short contrast 
There is a clear phonetic contrast at the level of speech production corresponding 
to the phonological long/short opposition. Long C2 and V2 are at least twice as long 
as their short counterparts (see Table 4.3 below). For example, the average duration 
of the long C2 in [rikka] is 2.6 and 2.7 times as long as the short C2 in [rika] and 
[rikaa] respectively. (The ratio of the RI.KA series is 39/100/37 when the duration 
of the long C2 is treated as 100.) This is similar in the case of nasal C2, where the 
duration of the long [m] is 2.6 times as long as its short counterpart. 
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C2 V2 
l kate 42 47 
2 katte 100 44 
3 katee 39 100 
4 rika 39 49 
5 rikka 100 46 
6 rikaa 37 100 
7 iso 48 44 
8 isso 100 42 
9 isoo 49 100 
10 koma 39 
11 komma 100 
12 hone 34 
13 honne 100 
14 saga 34 
15 sanga 100 
· Table 4.3 Long/short contrast (ratio) 
The question is whether any phonetic evidence for the mora hypothesis, such as 
'A geminate stop is composed of a moraic stop plus a single stop, and its total 
duration is expected to be longer than twice the duration of a single stop' (Han 
1992: 103) can be found in the present data. Vance ( 1987:71) also suggests that we 
can maintain the claim that morae are isochronous as long as the duration of a 
geminate C2 is significantly longer than twice the duration of a single C2. In the 
present study, it was found that the data supported this hypothesis as far as stop C2 
was concerned: the duration of a geminate stop was longer than twice the duration 
of a single stop. 
The data with fricatives, on the other hand, demonstrated that the duration of a 
geminate C2 was only just twice the duration of a single C2. For example, in the 
case of the fricative intervocalic C2, the duration of the long C2 in [isso] was only 
2.1and2.0 times as long as the short C2 in [iso] and [isoo] respectively. (The ratio 
of C2 in the ISO series is 48: 100:49 when the duration of long C2 is treated as 
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100.) In other words, [ss] is merely an equivalent of a geminated single [s] (i.e. 
[ss]=[s]x2), and there is not any larger unit, namely a 'moraic unit'. 
This situation is similar for the long V2 in [rikaa], which is 2.02 and 2.19 times 
as long as its short counterparts. (The ratio of V2 in the RIKA series is 49:46: 100 
when the long V2 is regarded as 100.) 
The findings imply that the concept of the mora, which treats geminate stops and 
fricatives as one unit at the phonological level, actually demonstrates significant 
phonetic differences in their timing organizations. This was not reported in the 
study by Han (1992), since she only observed words with voiceless stops [p], [t] 
and [k]. I argue that theories concerning the phonetic reality of the phonological 
concept of 'mora' need to be powerful enough to account for words with fricatives 
as well as stops. It is also necessary to account for the long/short contrast in vowels 
since their durational contrast is also related to the concept of 'mora'. Unless the 
theory applies to all the elements which are regarded as 'mora', it is only partially 
valid. 
The results obtained from this study show that geminate stops are more than twice 
as long as their short counterparts, thus providing phonetic justification for the 
assumption that geminate stops are a combination of a moraic stop and a single 
stop. It was found, however, that a geminate fricative C2, which is also 
phonologically composed of a moraic fricative and a fricative stop, did not have a 
total duration that was significantly longer than twice that of a single fricative C2. 
Similar examples were also found for vowel duration. Based on these results, it can 
be said that Han's (1992) hypothesis only accounts for stops, and not the entire 
picture of the phonological concept of mora in Japanese which should include long 
fricatives, nasals and vowels. 
Simple generalizations cannot be made about the relationship between the long/short 
contrast and the place of articulation since the segmental structures and pitch patterns 
of the examples are not identical. As far as the present data are concerned, it seems 
that the degree of durational contrast is greater in stops than in fricatives (both the 
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RIKA and KATE series have a greater durational contrast than the ISO series), and 
that the velar stops in the RIKA series show the greatest ratio of differentiation. 
4.2.2.3 C2/V1 and V2/Vl ratios 
A clear short/long contrast can also be found for the C2N 1 ratio. This is also about 
twice as large for words with a long obstruent C2 as for those with a short C2. V2/V 1 
ratios also show similar tendency. 
This result demonstrates that the V 1 duration of two- and three-mora words in the 
same series is consistent in NS speech production. C2/Vl and V2/Vl ratios are given 
in Table 4.4. 
C2/Vl V2/Vl 
1 kate 1.68 1.82 
2 katte 3.21 1.37 
3 katee 1.62 3.99 
4rika 1.31 1.62 
5 rikka 2.82 1.24 
6 rikaa 1.13 2.93 
7 iso 1.79 1.72 
8 isso 3.01 1.33 
9 isoo 1.75 3.75 
10 koma 0.97 1.54 
11 komma 2.13 1.29 
12 hone 1.00 1.71 
13 honne 2.28 1.40 
14 saga 0.63 1.13 
15 sanga 1.66 0.94 
Table 4.4 C2/V 1 and V2/V 1 ratios 
The ratio oflong C2 and V2 in relation to Vl is around 2.8-3.2 for obstruent C2, 
2.9-4.0 for V2 and 1.7-2.3 for nasal C2. The ratio of a long nasal C2 is the smallest 
in relation to the duration of the preceding vowel. This may be related to the fact that 
the vowel preceding a nasal C2 is usually nasalised. 
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4.2.2.4 VOT 
VOT was measured in order to test the following two hypotheses (Chapter 2): 
1. VOT is significantly smaller for [t] than [k]. 
2. VOT is significantly smaller for geminate C2 than single C2. 
t k t-test 
c 18.27 msec 25.92 msec t=-7.51, 
(5.90) (5.24) n=.0001 
cc 15.27 msec 28.26 msec t=-8.36, 
(4.43) (7.27) o=.0001 
t-test t=2.46, t=-1.752 
p=.0159 p=.0832 
Table 4.5 VOT 
T-tests were undertaken in order to observe if the difference in VOT between [t] and 
[k] were statistically significant. It was found that VOT for single [t] (18.27 msec) 
was significantly smaller than single [k] (25.92 msec) (t=-7.51, p=.0001). This was 
the same in the corresponding geminate C2 (t=-8.36, p=.0001). This result is 
consistent with Lisker and Abramson's (1964) phonetic universal; that is, VOT 
increases as the place of articulation moves toward the back and supports the claim 
that the phonetic universals influence speech production by Japanese NS. 
On the other hand, the difference between VOT for single and geminate C2 was 
significant in [t/tt] (t=2.46, p=.0159) and not significant in [k/kk] (t=-1.752, 
p=.0832). Therefore, as far as the present data are concerned, it is difficult to say that 
the Japanese geminate C2 is consistently associated with a shorter duration of VOT, 
and it may be universal (Han 1962a). 
4.2.2.5 Pitch assignment 
Some NS speakers pronounced [honne] (LHH) with a high-level tone (HHH). This 
may be due to the anticipatory (progressive) assimilation of the L tone, which is 
assigned to the initial syllable [ho], with the H tone which is assigned to the following 
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moraic IN/, and seems to occur with natural or fast speech. When the word is 
pronounced slowly and clearly, the L tone seems to be assigned to the first mora of 
the word and the pitch pattern of the word is the underlying assignment of the tone, 
LHH. 
4.2.3 Summary 
The foregoing section showed the average values for NS speech production. It was 
found that the word duration of two- and three-mora expressions was clearly 
differentiated in NS speech. Also there was a clear indication of the long/short 
contrast in single/geminate stop C2, although it was found that the geminate fricative 
C2 did not show a duration which was significantly longer than twice the duration of 
a single fricative C2. The results obtained in this study provide phonetic evidence that 
a geminate stop is a combination of a single stop and a moraic stop which is a larger 
unit than a single stop because the duration of a geminate stop was longer than twice 
the duration of a single stop. This does not apply for the fricative C2 because the 
duration of a geminate fricative C2 was just twice the duration of a single C2. 
With regard to VOT, it was found that longer VOT was associated with velar stops 
than with alveolar stops, which is consistent with universal phonetic principles. The 
present data, however, do not support the claim that the gemination of C2 is 
universally associated with a shorter VOT (Han 1962a). 
Perception and production 
Generally speaking, the C2/Vl ratios with geminate C2 obtained for production fall 
in between the two ratios for perception when the Vl duration is 70 and 140%. For 
example, the C2/Vl ratio of [katte] in the data of production (3.21) is between those 
of KA07T_E (3.61) and KA14T_E (1.93). This situation also applies to V2/Vl 
ratios. For example, the C2/Vl ratio of [katee] (with long V2) in the data of 
production (3.99) is between those of KA07TE_ (4.48) and KA14TE_ (2.44). 
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These observations seem to characterise the relationship between perception and 
production by NS. The ratios for NS production are similar to those for perception if 
the Vl duration is around 90-100%, i.e. similar to the original utterance before Vl 
duration was adjusted. In this respect, NS production of long phonemes shows 
consistency with their perception of long phonemes. 
With regard to words with single C2 and V2, the C2(V2)/V 1 ratios in speech 
production are generally smaller than those obtained from perception data. For 
example, the C2/Vl ratios of [kate/katee] (1.68/1.62) are smaller than KA07 _TE 
(3.61) and KA14_TE (l.93). Similarly, the V2/Vl ratios of [kate/katte] (1.83/1.37) 
are smaller than KA07TE_ (4.48) and KA14TE_ (2.44). 
This means that the C2(V2)/V 1 ratios for words with short C2(V2) in NS speech 
production do not override those of the sound stimuli in which they perceived long 
C2. In other words, NS generally produce words with short phonemes within the 
domain of their perceptual category of short phonemes. 
4.3 Australian beginning learners 
The results obtained from the learners of Japanese show a number of dissimilarities 
from those of NS. In the following section, the average figures of the ten beginning 
learners are described first, and then the typological categories which characterise 
individual learners' speech production are discussed. 
4.3.1 Subjects 
The ten ANU beginning learners who participated in this experiment are the same 
beginners who participated in the perception test (Chapter 3). My auditory impression 
of their speech production is presented in Appendix 4.2. See Appendix 4.3 for the 
average values of acoustic measurements. 
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4.3.2 Results 
In this section, the average results of the ten beginners are presented. The 
observation is also extended to the individual speakers' data in order to discuss 
individual learner strategies. 
ANU Average (1) 
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ANU Average (7) 
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Fig.4.17 ANU average ( 1-7) 
4.3.2.1 Word duration 
Unlike Japanese NS, word duration in learners' speech does not always show a 
·consistent pattern. 
The word duration is underdiff erentiated, especially in those with nasal C2. The 
average ratios are 100/122 ([koma/komma]), 100/119 ([hone/honne]), 100/98 
([saua/saooa]) and 100/99 ([saga/sanga]). In the average figure of SAGA series (Fig 
4.17), the duration of two- and three-mora expressions is almost identical. This 
situation is different from NS data in which the corresponding average ratios are 
100/140 (KOMA), 100/150 (HONE) and 100/129 (SAGA). 
SERIES RATIO 
kate/katte/katee 100: 125: 129 
rika/rikka/rikaa 100: 133: 146 
iso/isso/isoo 100: 125: 151 
koma/komma 100: 122 
hone/honne 100:119 
sana/sanna 100:98 
saga/sanga 100:99 
Table 4.6 Word duration (ratio) 
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Some individual learners' data also show a number of instances where the 
difference between the duration of two- and three-mora expressions is not statistically 
significant (i.e. underdifferentiation) (see figures shown below); indeed, the word 
duration of a two-mora expression was sometimes longer than that of a three-mora 
expression (i.e. reverse realization) (e.g. Fig.4.26 and 29). 
For the reasons above, it can be said that learners do not control their timing in the 
same way as NS in respect of word-level speech production. This implies that 
beginners have not acquired the concept of mora timing at the level of speech 
production. 
All informants had at least one example of problems of word duration in their 
speech (see Appendix 4.4 for individual speakers' ratios). Many problems of 
underdiff erentiation were found in words with nasal C2. Some subjects did not have 
any problems with words which had obstruent C2, but had problems differentiating 
between the duration of words with nasal C2. 
As far as these results are concerned, it can be said that acquisition of the 
differentiation of word duration between two- and three-mora expressions first takes 
place in words which have obstruent C2, and later for those with nasal C2, amongst 
beginning-level Australian learners. 
Examples of problems in word duration observed in some of the subjects are 
illustrated as follows: 
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Fig.4.18 NP kate/katte/katee 
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Fig.4.21 NP hone/honne 
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Fig.4.24 BD koma/komma 
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4.3.2.2 Long/short contrast 
600.0 
I 
800.0 
As shown previously, it was found that there is a clear phonetic contrast 
corresponding to the phonological long/short opposition at the level of speech 
production by NS. The rate of differentiation varies across different speakers, but the 
differentiation can be as small as 2: 1. 
Table 4.7 shows the average ratios of long/short contrast for beginning learners. 
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C2 V2 
1 kate 69 :g 
2 katte 100 S8 
3 katee 63 100 
4rika 62 so 
s rikka 100 S3 
6 rikaa 72 100 
7 iso 72 49 
8 isso 100 SS 
9 isoo 83 100 
10 koma S9 
11 komma 100 
12 hone 77 
13 honne 100 
14saga 54 
lS sanjl;a 100 
16 sana 93 
17 sanna 100 
Table 4.7 Long/short contrast (ratio) 
The long/short contrast shown in the beginning learners' data is smaller than those 
shown in the data of NS. The average ratio of long stops is only 1.5 times as long as 
their short counterparts. The rate of underdiff erentiation of stop C2 for this group of 
beginning-level Australian learners is greater than Han's ( 1992a) American advanced-
level subjects (2: 1). 
The ratios of long vowels, on the other hand, are 1.9 times longer than their short 
counterparts. The rate of underdiff erentiation is more prominent in C2 than V2. This 
may imply that the acquisition of the durational contrast of V2 precedes that of C2. 
The cause of underdifferentiation of the long/short contrast may be ( 1) the absolute 
duration of a long phoneme being too short compared with the short counterpart, or 
(2) the absolute duration of a short phoneme being too long in relation to the long 
counterpart. 
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It is generally believed that learners of Japanese tend to underdifferentiate the 
long/short contrast mainly because they tend to produce a shorter duration for 
geminate C2 (Han 1992). In this study, some examples of underdifferentiation due to 
a shorter geminate C2 were found as shown below (The ratios of long/short contrast 
for individual subjects are presented in Appendix 4.5): 
isoo 
is so 
iso 
~====~~~~~~~~~~~ 
0.0 200.0 400.0 600.0 
msec 
• V1 D C2 II V2 
Fig.4.30 BD iso/isso/isoo 
800.0 
It is interesting to note that the longer duration of a single C2 was a more frequently 
occurring cause of the problem than the shorter duration of a geminate C2, as far as 
the subjects observed in this study are concerned. Also, a number of words with short 
C2 were perceived as having long C2 by the author (see Appendix 4.2 for my 
auditory impression). 
Even with single C2 which phonetically has a long duration, it appears that some 
speakers try to make the single/geminate distinction in their speech production. 
Fig.4.31 shows that the learner tend to overexaggerate the geminate C2 
( overexaggeration) where the duration of the geminate C2 is systematically longer 
than single C2. This implies that learner is aware of the phonological distinction and 
therefore try to achieve the long/short contrast, but has to overexaggerate the geminate 
C2 (to an extent that sounds unnaturally long to Japanese NS) to make the distinction 
because the single C2 is too long. 
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msec 
• Cl D Vl • C2 • \Of ![I V2 
Fig.4.31 LD kate/katte/katee 
I 
800.0 
The following figures show problems which are associated with a longer duration 
for single C2. 
0.0 200.0 400.0 600.0 800.0 
msec 
• Cl D Vl II C2 • \Of ii V2 
Fig.4.32 PF rika/rikka/rikaa 
0.0 200.0 400.0 600.0 800.0 
msec 
•v1 D c2 •vz 
Fig.4.33 NP iso/isso/isoo 
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It has been mentioned that the beginning learners had considerable problems in the 
production of words with a nasal C2. Both word-duration and long/short contrast 
were underdifferentiated in many cases as shown below: 
komma 
koma 
0.0 200.0 400.0 600.0 
msec 
• C1 D V1 II C2 • V2 
Fig.4.34 NP koma/komma 
honne 
hone 
0.0 200.0 400.0 600.0 
msec 
I • Cl D Vl • C2 • V2 
Fig.4.35 NP hone/honne 
honne 
hone 
0.0 200.0 400.0 600.0 
msec 
I • Cl D Vl • C2 • V2 
Fig.4.36 LB hone/honne 
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800.0 
800.0 
800.0 
sanga 
saga 
0.0 200.0 400.0 600.0 
msec 
• C1 D V1 • lJ 
Fig.4.37 NB saga/sanga 
Although some subjects used [IJ] for both two- and three-mora expressions, it is 
interesting to note that four learners distinguished saga and sanga in terms of a velar 
stop [g] and a velar nasal [IJ] while the durational difference was not significant 
(Fig.4.38-40).33 From the viewpoint of IL phonology, we may be able to say that 
this is one strategy that learners use to make the distinction, instead of manipulating 
the duration. It may be that the beginning level learners, who do not have full 
command of manipulating duration to distinguish words, use phonetic distinctions 
such as [g] and [IJ] as a strategy for this purpose. This strategy seems to be one easy 
way to make a clear distinction between the two words without having control of 
timing. This tendency was not observed in NS speech production. 
sanga 
saga 
0.0 200.0 400.0 600.0 800.0 
msec 
Fig.4.38 BS saga/sanga 
33 The number of beginners who pronounced SAGA series in the following ways is: sana (4), 
sauua (8), saga (6) and sanga (2). 
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200.0 400.0 
msec 
• c1 D v1 • u 
Fig.4.39 NP saga/sanga 
. 200.0 
Fig.4.40 BD saga/sanga 
400.0 
msec 
600.0 800.0 
600.0 800.0 
With regard to V2, both (1) the absolute duration of a long phoneme being too 
short compared with the short counterpart, and (2) the absolute duration of a short 
phoneme being too long in relation to the long counterpart are observed. 
Underdifferentiation due to the shorter duration of the phonologically tong V2 (i.e. 
(1)) was generally observed in the RIKA series; for example, LB (92/96/100), NP 
(91/911100). The short V2 was heard as acceptable by the author (i.e. short) while 
long V2 gave the impression of being short. On the other hand, underdiff erentiation 
due to the longer duration of phonologically short V2 (i.e. (2)) was often observed in 
the KATE and ISO series. For example, the problem regarding NB (73/64/100) and 
NP (73/96/100) in the ISO series was their short V2 which were perceived as long. 
121 
Pitch pattern may play an important role in the interpretation of the above data. In 
English, stressed vowels have longer duration, higher FO and greater intensity. If 
English-speaking learners tend to associate English stress with H tone in Japanese 
expressions, a longer duration of a syllable with H tone is likely to occur. In the 
present data, there is a tendency for underdiff erentiation due to the shorter duration of 
the phonologically long V2 being likely to occur when the pitch pattern is HL; on the 
other hand, when the pitch pattern is LH, underdiff erentiation due to the longer 
duration of phonologically short V2 seems to be more common.34 
komma 
koma 
0.0 200.0 400.0 600.0 800.0 
msec 
• c1 D v1 111·c2 • vz 
Fig.4.41 BM koma/komma 
honne 
hone 
0.0 200.0 400.0 600.0 800.0 
msec 
• C1 D V1 • C2 • V2 
Fig.4.42 BM hone/honne 
34 The fact that the pitch pattern affects segmental duration in the speech production of Japanese 
learners has been reported by Sugito ( 1982). She measured the duration of V 1 and C2 in [kami HL] 
'god' and [kami LH] 'paper' pronounced by four NS and four English learners of Japanese, and found 
that not only the duration of the vowel, but also the duration of the intervocalic consonant [mj, was 
longer in the syllable with a H tone in the learners' speech. 
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The above graphs show examples of the interaction between durational contrast and 
pitch pattern in the learners' speech production: the durational contrast of C2 is 
realized in eithe.r V 1 or V2, depending on the pitch pattern of the words. The 
durational contrast of C2 seems to be realized in terms of the duration of Vl when the 
pitch pattern is HL (Fig.4.41), and in terms of the duration of V2 when the pitch 
pattern is LH (Fig.4.42). This is because not only the duration of V in the syllable 
with an H tone is longer compared to that in the syllable with an L tone, but also the 
duration of V before or after a geminate C2 is longer than that of V before or after a 
single C2 (e.g. [o] in komma is longer than that in koma). Based on this, it can be 
said that the realization of the durational contrast of C2 has been shifted to the 
preceding or following vowel. Therefore, it seems that learners' phonetic output is 
conditioned by both the segmental structure and the pitch pattern of the words. 
The word-final glottal stop is another parameter which needs to be taken into 
account in the analysis of the durational contrast in V2. NS almost always produced a 
glottal stop in word-final position. In the learners' examples in which the short V2 
was perceived as long by an NS, on the other hand, the glottal stop was not usually 
produced in word-final position. This seems to be another cause of problems related 
to the production of long/short contrast of V2. 
Finally, observations of the learners' data reveal that there are cases where the 
duration of single phonemes is longer than that of their geminate counterparts 
(Appendix 4.5). For example, NB's data show that the duration of single C2 in [rika] 
and [rikaa] is 122% and 164% of the geminate C2 in [rikka] (see Fig.4.43). This 
situation can also be observed in V2. For example, BM's data show that the duration 
of the short V2 in [rika] and [rikka] is 124% and 162% of the long V2 in [rikaa] (see 
Fig.4.44). BD produced a similar result (107/122/100) for the same examples. 
I term this phenomenon 'reverse phonetic realization of the phonological durational 
contrast', in order to distinguish it from underdifferentiation. It was also reported in 
Toda (1993a) concerning another group of adult subjects who were undertaking 
intensive Japanese training (also in Chapter6). 
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Fig.4.43 and 44 figures show examples of reverse realization of phonological 
contrast: 
rikka _ ~!~:~~$;j$i - ---rikaa 5~·~'.mrnmmmmwmmmnmmm:mml 
r i k a ilii!!i!liiliii!i!i~ 
I I 
0.0 ZOO.O 400.0 600.0 800.0 
msec 
• C1 D V1 Ill CZ • \OT Ii] V2 
Fig.4.43 NB rika/rikka/rikaa (C2) 
0.0 zoo.o 400.0 600.0 
msec 
• C1 D V1 • CZ • \OT Ii] V2 
Fig.4.44 BM rika/rikka/rikaa (V2) 
I 
800.0 
The following 4.3.2.3 speculates further about reverse realization of the durational 
contrast on the basis of C2/Vl ratios. 
4.3.2.3 C2/Vl and V2/Vl ratios 
Generally speaking, the C2/Vl ratios in CVCV and CVCVV obtained from 
beginning learners are greater than those obtained from NS. These results seem to 
suggest that the duration of single C2 is too long in relation to the duration of Vl in 
words with short C2 in the learners' speech. For example, the average C2/Vl ratios 
for the ISO series are 2.1112.41/2.22 (Table 4.8) for beginning learners while they are 
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1.79/3.0111.75 for NS. Due to the long duration of single C2, both CVCV and 
CVCVV are perceived as having geminate C2 in NS auditory impressions. This 
problem is more prominent than smaller C2/Vl ratios associated with CVCCV (i.e. 
short duration of geminate C2). 
C2/Vl V2/Vl 
1 kate 1.86 1.71 
2 katte 2.15 1.67 
3 katee 1.87 3.95 
4rika 2.46 1.96 
5 rikka 3.06 1.63 
6 rikaa 2.20 3.03 
7 iso 2.11 2.16 
8 isso 2.41 1.95 
9 isoo 2.22 3.94 
10 koma 0.97 1.01 
11 komma 1.70 1.07 
12 hone 1.64 1.83 
13 honne 2.12 2.17 
14saga 0.69 1.26 
15 sanga 1.59 1.18 
16 sana 1.32 1.16 
17 sanna 1.65 0.88 
Table 4.8 C2/V 1 and V2/V 1 ratios 
Similar problems are found with regard to the V2/V 1 ratios of short V2. For 
example, the average V2/V 1 ratios for the ISO series are 2.16/ l.95/3 .94 for beginning 
learners, while they are 1.72/1.33/3.75 for NS. This means that the duration of V2 is 
too long in relation to that of Vl in CVCV and CV CCV. 
In the data obtained in this section, it was found that the longer duration of single 
C2 (or V2) is also causing underdifferentiation as well as shorter duration for long C2 
(or V2). 
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In the data of individual subjects (Appendix 4.6), the C2/Vl ratio for words with a 
long C2 is often smaller than that for words with a short C2. In other words, a 
discrepancy between phonology and phonetic realization is found in terms of the 
C2/Vl ratio as well as long/short contrast in the speech production of the subjects. 
For example, the durational ratio of C2/Vl for: 
The KATE series is 1.04/0.71/1.08 in BS (Fig.4.45) 
The RIKA series is 2.62/0.87/2.54 in NB (Fig.4.46) 
The ISO series is 2.03/1.63/2.46 in PF (Fig.4.47). 
Examples of a smaller C2/Vl ratio due to the longer duration of Vl are shown 
below: 
= i----;:f ~:.!~J I 
0.0 . zoo.o 400.0 600.0 
rnsec 
• Cl D V1 • CZ • \Of II V2 
Fig.4.45 BS kate/katte/katee 
rnsec 
• C1 D V1 • CZ • \Of [l) V2 
Fig.4.46 NB rika/rikka/rikaa (the same as Fig.4.43) 
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I 
800.0 
isoo 
is so 
iso 
+=~======::::i:==~~~+-~~~-1 
0.0 200.0 400.0 
msec 
• V1 D C2 Ill V2 
Fig.4.47 PF iso/isso/isoo 
600.0 
The possible causes of this problem are: ( 1) the absolute duration of geminate C2 
being too short compared to the single counterpart, (2) the absolute duration of single 
C2 being too long in relation to the geminate counterpart and (3) the duration of the 
preceding vowel V 1 being too long compared to the duration of geminate C2. In the 
previous section, underdifferentiation du~ to (1) and (2) was discussed; the tendency 
for the duration of Vl to be prolonged before phonologically long C2, which is 
shown as (3), is discussed below. 
At first, the duration of the first syllable appears to be inconsistent in all three 
examples, but in some examples the duration of Vl is consistently prolonged before a 
geminate C2. The results of Anova tests show a significant difference for the duration 
of Vl before a geminate C2: BS's KATE series (F=23.729, p=.0014), NB's RIKA 
series (F=19.179, p=.0025) and PFs ISO series (F=13.074, p=.0065). 
These results seem to reflect one of the strategies for distinguishing long and short 
C2. In other words, learners are aware of the durational contrast at the phonological 
level, and therefore try to achieve the distinction. Their implementation strategies and 
phonetic realization, however, are different from those of NS. 
One possible interpretation of the data is that the subjects have certain degrees of Ll 
interference from English phonology, which is based on CVC-syllable structure with 
respect to timing control. As there is no case where a syllable-final C is prolonged in 
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CVC-syllables in English, perhaps learners find it easier to manipulate the duration of 
vowels, rather than controlling the duration of syllable-final C. Another possibility is 
that some learners regard longer Vl before geminate C2 reported in the literature 
(Fukui 1978; Beckman 1992; Han 1992; Smith 1995)) as a cue for geminate C2 and 
exaggerated it over C2 durational difference, which is more difficult to achieve. If this 
is a strategy some learners use, it is not an effective one from the viewpoint of speech 
perception on the part of Japanese NS, because their perceptual judgment of geminate 
C2 can be affected by the duration of the preceding vowel, as has been demonstrated 
in the experiments in Chapter 3. This means that if the duration of the Vl becomes 
longer before a geminate C2, the duration of the C2 needs to be even longer (instead 
of shorter as found in the speech production of these learners) in order to be perceived 
as geminate. 
4.3.2.4 VOT 
In NS data shown previously, it was found that VOT increased as the place of 
articulation moved toward the back. It was therefore claimed that phonetic universals 
influenced NS speech production. The other finding was that the difference between 
VOT of single and geminate C2 was not significant. In this section, VOT in the 
learners' speech production is observed. 
The following table shows VOT of the beginning learners. 
t k t-test 
c 36.47 msec 36.41 msec t=.018, 
(18.54) ( 16.21) p=.9858 
cc 29.88 msec 32.94 msec t=-.804, 
(16.52) (12.71) p=.4246 
t-test t=l.646, t=l.025 
o=.1033 p=.3081 
Table 4.9 VOT 
1) The average VOT is always greaterthan NS. 
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2) The standard deviation is always greater than NS. 
3) The difference in VOT between [t] and [k] was not statistically significant 
(t=.018, p=.9858). This situation was the same in the corresponding geminate C2 
(t=-.804, p=.4246). Unlike with NS, VOT does not increase as the place of 
articulation moves toward the back. Therefore, as far as VOT is concerned, it is not 
possible to say that universal principles operate in this group of beginning learners' 
speech production in the same way as for NS. 
4) Gemination of C2 does not affect VOT. 
The longer duration of both C2 and VOT associated with learners' speech 
production affect the auditory impression by Japanese NS. It has been pointed out that 
long duration for single C2 and VOT tend to increase the level of unnaturalness 
(Minagawa 1994). 
4.3.2.S Pitch assignment 
The assignment of pitch for words with a nasal C2 is often different from that of the 
NS. Phonologically speaking, the tone assigned to the second mora must be different 
from that of the first mora (Chapter 2). In the production of all the beginning learners, 
however, honne was perceived by NS with the syllable [hon] assigned an L tone and 
the syllable [ne] assigned an H tone (see Appendix 4.2). In komma and sanga, [kom] 
and [sag] are assigned an H tone, and [ma] and [ga/ga] an L tone. 
The FO pattern of examples from [komma], [saooa] is illustrated in the following 
narrow-band spectrograms, which reflect the fact that the FO does not show a 
significant fall before the onset of the final vowel (Fig.4.48 and 49). These examples 
sound unnatural to NS, since an H tone is expected to be assigned to the first morae 
/ko/ and Isa/, and an L tone to the second mora IN/ as well as to the third morae /ma/ 
and /ga/. This seems to be a common problem for all non-native subjects. 
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I k 0 m m a 230.0 200.0 170.0 140.0 
110.0 
t: 
80.0 
50.0 
20.0 
130.0 220.0 310.0 400.0 490.0 580.0 670.0 760.0 
..••.. !:!:!:=:::-:::.:=:·:·::· .. 
Fig.4.48 [komma] 
s a \) a 
230.0 
200.0 
170.0 
140.0 
110.0 
80.0 
50.0 
20.0 
130.0 220.0 310.0 400.0 490.0 580.0 670.0 760.0 E 
Fig.4.49 [saooa] 
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4.3.3 Summary 
The results obtained from the acoustic observations reveal some typological 
categories in the IL characteristics of Japanese timing organization by English-
speaking learners. 
Type 1. Underdifferentiation of the long/short contrast 
This type can be subdivided into underdifferentiation caused by (1) a shorter 
duration of long phonemes, and (2) a longer duration of short phonemes. This study 
indicates that the latter problem is more prominent in respect of the data provided by 
the group of beginning learners observed. 
Thus the widely accepted view of difficulties in the timing organization of geminate 
C2 is open to question. The majority of the subjects participating in this study 
produced geminate C2 with long duration. In fact, there are many examples in which 
the duration of C2 is clearly too long in relation to that of Vl. For example, C2/Vl 
ratios of rika/rikka/rika was 3.59/6.54/3.10 (LB) and 3.75/5.41/4.58 (LD), while it 
was only 1.31/2.82/1.13 for NS. 
In informal conversations during the recording sessions, some learners said that 
they interpreted CVCCV sequences as CVC-CV (e.g. [rik-ka]). As supporting 
evidence for this, a spectrogram of an utterance which shows a clear release of glottal 
closure between the syllable-final and syllable-initial [k] is presented in Fig.4.50. This 
is also illustrated as IL strategy 1 in Fig.4.51 shown below. This learner strategy may 
reflect their underlying knowledge of the occurrence of geminate consonants if the 
geminate-internal syllable boundary is identified with the English word (or foot) 
boundary in sequences such as cattail and rock cake (i.e. CVCCV identified as two 
words- CVC#CV), and this interpretation may have helped the students who 
produced long C2. This example demonstrates that the role of the syllable is important 
for English-speaking learners of Japanese, and in this respect, supports the claim that 
segmentation unit is determined by Ll (Mehler et al. 1981; Cutler et al. 1983, 1986; 
Otake et al. 1993). However, it is interesting to note that some learners who applied 
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this strategy, successfully produced long duration for geminate C2, despite using the 
segmentation unit which was different from that of NS. 
220.0 
190.0 
160.0 
. 40.0 release of glottal closure 
210.0 350.0 490.0 630.0 770.0 910.0 1050.0 1190.0 ms 
.. 
Hz ~ :' 
:ggg:g /~ ;~,, . 
3500 .o.,~ ... ''· 
3000.0' 
2500;0 :· 
2000;01!11: 
~ ggg :gl · i.,,,, .. m 
500 ·~, l 2s'l·350.0 490.0 630.0 770.0 
Fig.4.50 re-setting of the [k] in [rikka] (example from a beginner) 
On the other hand, the timing control of words with single C2 is a greater problem 
for many learners which has not been discussed in great detail in the previous 
literature. It was found that the longer duration of single C2 in CVCV sequences was 
a common cause of underdiff erentiation. 
This finding is also important from the viewpoint of linguistic theory. If the timing 
organization of basic CVCV sequences is governed by 'universal rules' (Chomsky 
and Halle 1968:295), it is difficult to account for the difficulties that learners showed 
in the production of CVCV in Japanese. The findings of the present study show that 
English-speaking learners of Japanese controlled their timing structure in different 
ways to Japanese NS, and therefore seem to support the claim that Japanese timing 
structure is influenced by language-specific timing rules. The universal timing-
implementation rules, such as the relative duration of VOT for stops, seem to operate 
across different languages (spoken by NS), and these may be universal. 
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The duration of closure and VOT varies across different languages. The recent study 
by Minagawa (1994) found that both the silent closure period and VOT of a single 
stop are longer in English, Welsh and Korean than in Japanese. Thus, as far as the 
data investigated in the present study are concerned, the longer duration of single C2 
in Japanese CVCV and CVCVV sequences pronounced by English speakers may be 
considered as a case of negative Ll interference. 
From a pedagogical point of view, the results obtained from this study imply that it 
is important for Japanese language instructors to be aware of students' difficulties in 
producing single C as well as geminate C, and that exaggerating the duration of 
gerninate C or emphasising isochronous aspects of mora timing in the classroom may 
not necessarily benefit students (see Chapter 7). 
Japanese (NS) 
a 
IL strategy 1 
(NNS) 
a 
IL strategy 2 
(NNS) 
a 
Fig.4.51 Timing compensation due to interference from CVC-phonology 
Type 2. Reverse realization of the long/short contrast 
The results obtained in this study suggest that the causes of underdiff erentiation can 
be attributed, not just to the shorter duration of long phonemes and the longer duration 
of single C2, but also to the longer duration of vowels preceding geminate C2. 
It was demonstrated that the duration of the V 1 was statistically longer before a 
geminate C2. This was interpreted as the learners' attempt to distinguish the 
phonological contrast in the C2. Their implementation may reflect certain degrees of 
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interference from CVC-phonology. The reason for this argument was the tendency for 
learners to manipulate the duration of vowels instead of C2, since no syllable-final C 
is prolonged in CVC-syllables in English. If we treat CVC as a unit of timing for the 
learners, a compensatory relationship between the duration of V and C in the first 
syllable may be illustrated as IL strategy 2 (Fig.4.51). 
It was claimed that this strategy was not effective from the viewpoint of NS speech 
perception. In Chapter 3, it was demonstrated that NS perceptual judgment of 
geminate C2 can be affected by the Vl duration. Japanese NS use various phonetic 
cues in their judgment of phonological contrast other than the actual duration of C2. 
Without reference to these parameters it is impossible to state the appropriate closure 
duration of consonants. Thus a pedagogical suggestion such as 'make the duration of 
geminate consonants 3 times as long as the single ones' (Han 1992: 126) seems too 
unidimensional to capture the dynamic reality of durational contrasts in the spoken 
language. 
In the above observations, processes such as negative transfer (interference from 
English CVC-phonology upon Japanese syllable structure), overexaggeration (of 
geminate C2 due to the long duration of single C2) and unique syllable modification 
strategies were found to be operative in shaping the IL timing organization of 
Japanese. 
It is argued that the timing control of CVCV is also difficult for learners, and thus 
teachers need to introduce practice on Japanese timing control which incorporates 
such important parameters as total word duration and the duration of the first vowel, 
as well as the long/short contrast (see Chapter 7 regarding the teaching of timing 
control). 
Perception and production 
As mentioned previously, there is a tendency for NS to produce words with short 
phonemes within the domain of their perceptual category of short phonemes (see 
4.2.3). The beginners' results, on the other hand, do not demonstrate such a 
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consistent relationship between speech production and the perception. The following 
is the main difference from the NS results. 
In the beginners' data, the C2/Vl ratios of words with single C2 concerning speech 
production tend to fall in between the two ratios for speech perception (when the V 1 
duration is 70 and 140%). This is similar to the NS results of the C2/Vl ratios of 
words with geminate C2. For example, the C2/V 1 ratio of [hone] ( 1.64) is between 
H007N_E (2.77) and H014N_E (l.32). Also in SAGA series, the C2/Vl ratios of 
both [saua] (1.32) and [saga] (0.69) are between SA07N_A (1.46) and SA14N_A 
(0.65). This situation also applies to V2/Vl ratios. For example, the V2/Vl ratios of 
[iso/isso] (2.16/1.95) are between I07SO_ (3.47) and 114SO_ (l.81) in those of 
perception. 
This means that the C2(V2)/Vl ratios for words with short C2(V2) in the learners' 
speech production may override those of the sound stimuli in which they perceive 
long C2(V2). The results obtained in this observation suggest that beginners may 
produce words with short phonemes within. the domain of their perception of long 
phonemes. This situation is different from the Japanese NS who generally produced 
words with short phonemes within the domain of their perceptual category of short 
phonemes. 
4.4 Australian advanced learners 
The following section presents the data of advanced speakers. The average values 
of eight advanced learners are presented, and comparisons are made between the data 
of NS and beginning learners, which were shown in preceding sections. 
4.4.1 Subjects 
The eight advanced learners participating in this experiment are the same ones who 
participated in the perception test (Chapter 3). My auditory impression of the advanced 
learners' speech production is shown in Appendix 4.7. 
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4.4.2 Results 
Advanced Average (1) 
katee 
katte 
kate ~~~~~~~====~~-~---! 
0.00 200.00 400.00 600.00 
msec 
• Cl D V1 II CZ • \Of [JD V2 
Advanced Average (2) 
rikaa 
rikka ...,___ 
0.00 200.00 400.00 
msec 
600.00 
• Cl D V1 Ill CZ • \Of Ell vz 
Advanced Average (3) 
isoo 
is so 
iso 
...i===~=====+========--+-~~~---l 
0.00 200.00 400.00 600.00 
msec 
• V1 D CZ II V2 
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komma 
koma 
0.00 
honne 
hone 
0.00 
sang a 
Advanced Average (4) 
200.00 400.00 600.00 
msec 
• C1 D V1 • C2 • V2 
Advanced Average ( 5) 
200.00 400.00 600.00 
msec 
• Cl D V1 Ill CZ • V2 
Advanced Average ( 6) 
200.00 400.00 600.00 
msec 
• Cl D V1 11 u • g m V2 
Fig.4.52 Advanced average ( 1-6) 
4.4.2.1 Word duration 
The data concerning word duration share similarities with NS: the duration of 
CVCCV and CVCVV (three-mora expressions) is always longer than that of CVCV 
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(corresponding two-mora expressions. Appendix 4.8 presents the average values for 
the advanced level learners. 
The average ratio of the three-mora expressions is 141 % of the corresponding two-
mora expressions, and this is similar to the ratio for NS ( 143 % ). 
In the case of NS, all subjects pronounced the SAGA series as [saga/sat19a] and the 
ratio was 100: 129. Most advanced subjects pronounced the SAGA series as 
[saga/sat19a], and the ratio was 100: 135. There were two advanced learners who 
pronounced the examples with velar nasal [g] for [saga] (BL and TN) and three for 
[sagga] (AA, BL and TN), and their average showed the smallest ratio of 
differentiation with respect to word duration ( 100: 111). Despite the small rate of 
differentiation, there was no problem at the level of auditory impression concerning 
the pronunciation of these advanced learners, which is probably due to their accurate 
assignment of tone (Appendix 4.7). This is an interesting contrast with the beginning 
subjects' data in which the durational contrast was greater, but the auditory 
impression was inappropriate due to incorrect assignment of tone. 
Unlike the case of the beginning learners, word duration in advanced learners' 
speech does not show a reverse realization of word duration such as two-mora 
expressions being longer than three-mora expressions as mentioned above. It seems 
that word-level timing control, which is closely associated with the number of morae 
in the word, has been acquired by advanced speakers of Japanese. Beginning learners 
did not show the same level of performance. 
SERIES RATIO 
kate/katte/katee 100: 144: 137 
rika/rikka/rikaa 100: 164: 151 
iso/isso/isoo 100: 130: 150 
koma/komma 100: 139 
hone/honne 100: 149 
sana/sanna 100: 111 
saga/sanga 100: 135 
Table 4.10 Word duration (ratio) 
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4.4.2.2 Long/short contrast 
A clear phonetic contrast can be observed in the phonological long/short 
opposition. It is interesting to note that the contrast of C2 in the ISO series 
(55/100/63) was underdifferentiated, while that in the RIKA series (31/100/34) was 
overdifferentiated. The NS ratios of these groups were 48/100/49 and 39/100/37 
respectively. 
C2 V2 
1 kate 36 49 
2 katte 100 49 
3 katee 40 100 
4 rika 31 48 
5 rikka 100 47 
6 rikaa 34 100 
7 iso 55 48 
8 isso 100 42 
9 isoo 63 100 
10 koma 47 
11 komma 100 
12 hone 34 
13 honne 100 
14 sana 41 
15 sa1ma 100 
16 saga 34 
17 sanga 100 
Table 4.11 Long/short contrast (ratio) 
4.4.2.3 C2/Vl and V2/Vl ratios 
The C2/V 1 ratio was about twice as large for words with a long obstruent C2 as for 
those with a short C2 in the NS data. The overall tendency of the advanced speakers' 
data is towards NS rather than beginning learners; the ratios with long phonemes are 
greater than those with short phonemes. There is a tendency for the C2/V 1 and V2/V 1 
ratios of [rikka] and [rikaa] to be greater than NS, being 3.79 and 3.75 with advanced 
139 
speakers and 2.82 and 2.93 for NS. This seems to imply a tendency for advanced 
speakers to produce longer C2 and V2 in relation to the duration of V 1, and can thus 
be regarded as overexaggerating the long C2 and V2. 
In the data of beginning learners, it was found that the ratios of C2/V 1 in some 
examples were not significantly different between single and geminate C2, such as the 
ISO series (2.11/2.41/2.22). In the data obtained from advanced learners, no such 
example was observed. 
C2/Vl V2/Vl 
1 kate 1.41 1.92 
2 katte 3.74 1.82 
3 katee 1.82 4.56 
4rika 1.34 1.91 
5 rikka 3.79 1.63 
6 rikaa 1.39 3.73 
7 iso l.93 1.94 
8 isso 3.24 1.58 
9 isoo 2.32 4.25 
10 koma 1.30 1.66 
11 komma 2.21 1.38 
12 hone 1.06 1.73 
13 honne 2.79 1.55 
14 sana 0.66 1.07 
15 sanna 1.99 1.12 
16 saga 0.72 1.07 
17 sanga 2.15 1.12 
Table 4.12 C2/V 1 and V2/V 1 ratios 
4.4.2.4 VOT 
The above table shows the VOT of advanced learners. 
1) The average VOT is always greater than that in the NS data, but smaller than in 
the beginning learners' data. 
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2) The standard deviation is always greater than that in the NS data, but smaller 
than in the beginning learners' data. 
3) The difference in VOT between [t] and [k] is statistically significant (t=-2.317, 
p=.0227). This is also the case in the corresponding geminate C2 (t=-3.004, 
p=.0043). 
4) The difference between VOT for single and geminate C2 is significant. The 
results of the t-tests are [t/tt] (t=3.96, p=.0002) and [k/kk] (t=2.515, p=.0142). The 
VOT of the geminate C2 is significantly smaller than that of the single C2 in advanced 
learners' data. This agrees with the universal hypothesis proposed by Han (1992), 
that there is a shorter duration of VOT for geminate stops than for single stops, but 
this tendency was not observed in the NS speech production. 
t k t-test 
c 30.24 msec 35.01 msec t=-2.317, 
(10.48) (9.58) p=.0227 
cc 20.75 msec 28.73 msec t=-3.004, 
(7.50) ( 10.65) P=.0043 
t-test t=3.96, t=2.515 
p=.0002 p=.0142 
Table 4.13 VOT 
The observation of VOT amongst NS, beginning and advanced learners provide 
clear evidence for phonetic approximation (Flege 1980). The longer VOT of 
beginning learners showed interference from English, but advanced learners had 
approximated a VOT which was intermediate between English and Japanese. As the 
proficiency level of the learners increased, the VOT values became smaller. 
4.4.2.S Pitch assignment 
Some advanced learners showed errors in the assignment of pitch for words with a 
nasal C2, such as [honne] with the first CVC-syllable (i.e. [hon]) assigned an L tone 
and the second CV-syllable (i.e. [ne]) assigned an H tone, similar to the common 
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errors seen in the beginning learners' data. This was found in the speech production of 
honne of four speakers, CI, RA, RW and SF. Also, RA, RW and SB showed errors 
in the pitch assignment of sanga. 
Most errors in pitch assignment occurred in words with a nasal C2. These results 
show that pitch assignment is a problem even for advanced learners of Japanese, and 
the problem occurs more often with words with a nasal C2 than with those with an 
obstruent C2. 
4.4.3 Summary 
The previous section reported the data of advanced learners of Japanese. Generally 
speaking, advanced learners show more similarities with NS than with beginning 
learners, such as clear differentiation between two- and three-mora word duration, and 
between long/short contrast in C2 and V2. 
It was found that advanced learners show a tendency towards overexaggeration of a 
geminate stop C2. On the other hand, the fricative C2 was underdifferentiated. In 
advanced learners' results, the duration of a geminate fricative C2 is less than twice the 
duration of a single fricative C2. Thus in advanced learners' speech production, it 
cannot be said that there is any phonetic evidence for the mora as a larger unit than a 
single C2, because a combination of a single C2 and a moraic consonant is no longer 
than the duration of two single C2. 
Universal characteristics of VOT were found in the advanced learners' data: that is, a 
longer VOT is associated with a velar stop than with an alveolar stop. This is similar to 
speech produced by NS. Generally speaking, the average duration of VOT of 
advanced learners was somewhere between that of beginners and NS. Thus it can be 
said that VOT becomes smaller as learners' proficiency level increases, but not to the 
same extent as NS. This may be the limitation of phonetic approximation towards NS 
norms by advanced learners of Japanese. 
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Perception and production 
Advanced learners' results demonstrate that there are some examples in which 
C2/V 1 ratios (with geminate C2) obtained for production fall in between the two ratios 
of perception (when the Vl duration is 70 and 140%). The number of occurrences, 
however, is less than those found in the NS results. Instead, there is a tendency for 
the ratios obtained for production to override those obtained for perception in 
advanced learners' data. For example, the C2/Vl ratio of [katte] (with geminate C2) in 
the data of production (3.74) is bigger than KA07T_E (3.62) and KA14T_E (2.00) in 
those of perception. This tendency is also found in V2/V 1 ratios. The C2/V 1 ratio of 
[katee] (with long V2) in the data of production (4.56) is bigger than KA07TE_ 
(4.45) and KA14TE_ (2.39) in those of perception. This problem is observed in 
[katte], [katee], [isso], [isoo], [honne], [saooa] and [sauga]. 
The above results imply that advanced learners tend to produce longer duration for 
geminate C2 at the level of speech production than the duration of C2 perceived as 
geminate at the level of speech perception. One of the main causes of this tendency is 
overexaggeration of geminate C2 and long V2 by advanced learners. In this respect, it 
is not possible to say that advanced learners' results share similarity with the NS 
ratios. 
As far as the ratios for single C2 and short V2 are concerned, the production data of 
advanced learners show that they are generally smaller than those obtained from their 
perception data. For example, the C2/Vl ratios of [kate/katee] (1.41/1.82) in the data 
of production are smaller than KA07T _E (3 .62) and KA 14T _E (2.00) in those of 
perception. Similarly, the V2/Vl ratios of [kate/katte] (1.92/1.82) are smaller than 
KA07TE_ (4.45) and KA14TE_ (2.39). Thus it can be said that advanced learners 
produce words with short phonemes within the domain of their perception of short 
phonemes. and this situation is similar to the NS results. 
143 
4.S Discussion 
1. It was found that the beginning learners apply various strategies to achieve word-
level and phonemic-level phonological distinctions of Japanese. Various typologies of 
learner strategies were listed in 4.3.3. 
2. The timing organization of advanced learners generally shared more similarities 
with that of NS than that of beginning learners (see 4.4.1). 
3. Universal principles concerning VOT which is associated with the place of 
articulationoperatedinadvancedlearners' speech (as it did in NS speech), but not in 
beginning learners' speech (see 4.4.2.4). 
4. Phonetic approximation was found in advanced learners' speech (VOT) as 
described in 4.4.2.4. 
5. Ll interference is more prominent in beginning learners' speech (e.g. syllable 
structure) than in advanced learners' speech. Advanced learners, on the other hand, 
show a tendency towards overexaggeration. 
6. There is a tendency for the tone to be assigned to a syllable rather than to a mora 
in the production of words with a nasal C2. This tendency is observed in both 
beginning and advanced learners' data. 
These results are summarised in the following table which illustrates the 
characteristic features of the speech of beginning and advanced learners ( 0= similar to 
NS; X= dissimilar to NS) when NS is regarded as the target: 
BEGINNER ADVANCED 
word level distinction x 0 
lon~/short contrast x 0 
C2/Vl x 0 
pitch assignment x 0 ( obstruent C2) 
X (nasal C2) 
var x 0 (t<k) 
Table 4.14 Similarities shared with NS results (production) 
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4.6 Conclusion 
We can now relate these findings to the problems involved the production of 
durational contrast in Japanese. Toda (1994) reported that beginning learners of 
Japanese tend to have common problems with the production of durational contrast 
such as: 
1) overly long duration of the single C2, and 
2) overexaggeration of the long C2 
The findings obtained through the observation of learners' speech production in this 
chapter seem to be closely related to the problems which occur at the level of speech 
perception discussed in Chapter 3. It has been demonstrated that there is a perceptual 
domain in which a sound is perceived to be short by learners while the same sound is 
heard as long by NS. The fact that the threshold values of beginning learners are 
generally higher than those of NS seems to account for learners allowing a longer 
duration for the production of a short phoneme. It is possible to assume a situation in 
which learners produce a short phoneme, ac:cording to their perceptual domain, but 
where this would be considered long by the NS because it may fall into the NS 
perceptual domain of a long phoneme. In order to produce a short/long contrast, the 
duration of a long phoneme needs to be overexaggerated since the duration of a single 
phoneme is already too long. 
The interaction between speech perception and production is very complex (and 
cannot be described in simple terms) and in this dissertation, it is not my intention to 
present a theory regarding their interaction. From the viewpoint of teaching timing 
control in Japanese (Chapter 7), however, it is important to know where problems 
exist and what kind of problems they are. Through acoustically-based observations, 
problems at the levels of both production and perception (i.e. inaccurate timing control 
and perceptual targets) were found, and we have discussed the ways in which they are 
related. In conclusion, it can be said that one of the goals for learners who wish to 
obtain native-like performance in Japanese should be to try to lower the threshold 
boundary for both production and perception to the same level as NS. This seems to 
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be an important objective for learners to achieve if they are to improve their timing 
control. 
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Chapter 5 Lonaitudinal study- Perception 
5.1 Subjects 
The four subjects who participated in the longitudinal experiment are employed at the 
Department of Foreign Affairs and Trade (DFAT) and undertook intensive Japanese 
language training for one academic year (February - November 1993) at the Canberra 
Institute of Technology before their posting to Tokyo. They had one female Australian 
and two native Japanese teachers (one male and one female) throughout the year. 
There were four contact hours every morning and they were expected to do three 
hours of self-study every afternoon. 
PK, DS (male) and AP (female) are in their mid-twenties, and have Australian 
backgrounds. They speak Australian English as their LL PV (male) is in his early 
forties, and has a Kenyan background. He was born in Kenya, and migrated to 
Australia with his family when he was young. He also speaks English as his Ll. 
None of the subjects suffered from hea~ng or speaking disorders. All four subjects 
started learning Japanese as beginners. DS and PK had studied Japanese for two 
months prior to this intensive course. None of the subjects had ever lived in Japan, 
except for DS who had visited Japan for two months as an exchange student in 1985. 
The aim of the participants in this intensive language training course was to achieve 
an S2/R2 proficiency rating (or higher) in Japanese language as assessed by the 
Language Training Unit, DFAT.35 
The subjects were asked to participate in perception and production tests which were 
the same experiments described in Chapters 3 and 4. The tests were given three times 
throughout the year: February-March, July-August and November 1993. All the 
subjects were aware of phonological durational contrast in Japanese before the first 
experiment was conducted. 
35 S=Speaking; R=Reading/Writing; 5=native, 4=near native; 3=advanced; 2=intermediate; 
l=beginner as mentioned previously (Chapter 3). 
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S.2 Procedure 
The sound stimuli and procedure of this experiment are the same as for the 
perception test which was described in Chapter 3. 
S.3 First experiment 
In this section, the DFAT learners' results obtained in the first experiment (DFATl) 
are discussed.36 The first experiment was conducted approximately one month after 
the commencement of the intensive course (late February- March 1993). 
Vowels 
CV07CV KAOTIE RI07KA 10780 
A.S 165% 190% 160% 
S.D 32% 41% 40% 
D.S 185% 210% 183% 
S.D 40% 43% 45% 
CV14CV_ KA14TE_ RI14KA_ Il4SO_ 
A.S 173% 193% 160% 
S.D 28% 26% 28% 
D.S 188% 208% 178% 
S.D 37% 37% 39% 
Obstruents 
CV07C V KAOTI E RI07K A 107S 0 
A.S 170% 163% 188% 
S.D 51% 38% 61% 
D.S 230% 225% 218% 
S.D 41% 30% 38% 
CV14C_V KA14T_E RI14K_A 114S_O 
A.S 173% 170% 165% 
S.D 38% 39% 53% 
D.S 228% 228% 205% 
S.D 48% 40% 33% 
36 Similarly, 'DFAT2' and 'DFAT3' refer to the learners' results obtained in the second and third 
experiments respectively. For individual learners, 'APl' means the learner's results obtained in the first 
experiment. 
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Nasals 
CV07N_V K007M A H007N E 
A.S 75% 78% 
S.D 12% 18% 
D.S 91% 85% 
S.D 10% 14% 
CV14N_V K014M_A H014N_E 
A.S 83% 65% 
S.D 25% 15% 
D.S 93% 84% 
S.D 18% 16% 
Tables 5.1 Average Values - DFATl 
A.S: ascending series 
D.S: descending series 
S.D: standard deviation 
CV07CV KA07TE RI07KA 
T.V 175% 200% 
A.D 268.45 263.00 
CV14CV 
-
KA14TE_ RI14KA_ 
T.V 180% 200% 
A.D 276.12 263.00 
CV07C V KA07T E RI07K A 
T.V 200% 194% 
A.D 229.40 243.54 
CV14C_ V KA14T_E Rl14K_A 
T.V 200% 199% 
A.D 229.40 249.83 
CV07N_V K007M A H007N E 
T.V 83% 81% 
A.D 176.72 147.71 
CV14N_V K014M_A H014N_E 
T.V 88% 74% 
A.D 186.03 135.21 
Table 5.2 Average Threshold Values - DFA Tl 
SA07N A 
65% 
28% 
76% 
16% 
SA14N_A 
73% 
29% 
77% 
18% 
107SO 
171% 
265.10 
114SO_ 
169% 
261.23 
I07S_O 
203% 
214.85 
114S_O 
185% 
196.29 
SA07N_A 
71% 
115.33 
SA14N_A 
75% 
122.48 
T.V: Average Threshold Values of ascending and descending series(%) 
A.D: Absolute Duration (msec) 
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Fig.5.1 Graphs for perception by DFATl leamers37 
Ascending (black), Descending (white) 
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The results of the perception test for the DFAT learners are shown above. They bear 
remarkable similarities to the results obtained from ANU beginners which were 
presented in Chapter 3. 
3 7 Question marks did not appear in the DFAT 1 results as they did in ANU results, although the 
same instruction was given for the use of a question mark before the experiment. 
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The main results are: 
1. The average threshold values are generally greater than those of NS for both C2 
and V2. Based on this result, we can say that the segmental duration needs to be 
longer to be perceived as long C2 and V2 by DFATl beginning learners (as well as 
ANU learners) than it does by NS. 
2. Descending series almost always show greater values than the corresponding 
ascending series (Appendix 5.1). This is similar to the ANU beginners' data, and may 
be interpreted as evidence of the learners' different perceptual mechanisms from those 
of NS. 
3. The distance between the ascending and descending series is generally greater 
than in the NS data. The differences between the two series were statistically 
significant in the following examples: KA07T_E, KA14T_E, RI07K_A, RI14K_A, 
H014N_E and K007M_A. This seems to imply that the degree of uncertainty (i.e. 
'grey area') is greater for learners than for NS. These results share similarity with 
ANU 1 results. 
In comparison with ANUl, DFATl shows greater distance between the ascending 
and descending series for obstruent C2. This result seems to imply that a greater 
amount of uncertainty is involved in the perceptual judgment of C2 by DFATl 
learners. On the other hand, the performance of DFATl was better than that of ANUl 
with regard to their perceptual judgment of V2, since the distance between ascending 
and descending series was smaller, and differences were not statistically significant 
(Appendix 5.1). 
4. In the DFATl data, none of the examples showed significantly greater values 
when the duration of Vl was expanded to 140% in comparison with when it was 
shortened to 70% (Appendix 5.2). Thus it is not possible to say that the perceptual 
boundaries of DFATl learners are affected by the Vl duration in the same way as 
those of NS. 
Overall tendencies of the DFAT 1 data thus share a number of similarities with 
beginning learners, and dissimilarities with NS. 
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5.4 Second experiment 
In this section, the results obtained in the second experiment (DFAT2) are presented 
and the differences from those obtained in the first experiment are discussed. 
Vowels 
CV07CV 
-
KAOTIE_ Rl07KA 
-
I07SO_ 
A.S 173% 208% 155% 
S.D 34% 40% 28% 
D.S 200% 200% 175% 
S.D 21% 28% 33% 
CV14CV 
-
KA14TE_ Rll4KA_ I14SO_ 
A.S 170% 193% 158% 
S.D 21% 32% 23% 
D.S 188% 220% 183% 
S.D 38% 15% 20% 
Obstruents 
CV07C_V KA07f_E Rl07K_A I07S_O 
A.S 183% 173% 198% 
S.D 55% 32% 33% 
D.S 220% 210% 198% 
S.D 30% 24% 25% 
CV14C_V KA14T_E Rll4K_A Il4S_O 
A.S 173% 203% 188% 
S.D 37% 60% 34% 
D.S 198% 215% 178% 
S.D 31% 41% 41% 
Nasals 
CV07N_V K007M_A H007N_E SA07N_A 
A.S 78% 91% 86% 
S.D 16% 23% 24% 
D.S 90% 74% 65% 
S.D 15% 12% 24% 
CV14N V K014M A H014N E SA14N A 
A.S 78% 79% 61% 
S.D 14% 17% 20% 
D.S 91% 78% 57% 
S.D 15% 12% 15% 
Tables 5.3 Average Values - DFAT2 
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CV07CV KA07fE RI07KA I07SO 
T.V 186% 204% 165% 
A.D 285.71 267.93 255.42 
CV14CV KA14TE_ Rll4KA Il4SO 
T.V 179% 206% 170% 
A.D 274.20 271.22 263.16 
CV07C_V KA07f_E R107K_A I07S_O 
T.V 201% 191% 198% 
A.D 230.83 240.40 209.55 
CV14C_V KA14T_E R114K_A I14S_O 
T.V 185% 209% 183% 
A.D 212.20 262.40 193.63 
CV07N V K007M A H007N E SA07N A 
T.V 84% 82% 76% 
A.D 178.05 148.85 123.50 
CV14N_V K014M_A H014N_E SA14N_A 
T.V 84% 78% 59% 
A.D 179.38 142.03 96.96 
Table 5.4 Average Threshold Values - DFAT2 
T. V: Average Threshold Values of ascending and descending series(%) 
A.D: Absolute Duration (msec) 
220% 220% 
200% 
180% 
160% 
140% 140% 
120% 120% 
100% 100% 
KA07 RI07 I07 KA14 
TE_ KA_ so 
-
TE_ 
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Rl14 114 
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220% 220% 
200% 
180% ·--
160% x 160% 
1-1-0% 140% 
120% 120% 
100% 100% 
KA07 RI07 I07 KA14 RI14 I 14 
T_E K_A s_o T_E K_A s_o 
140% 140% 
120% 120% 
100% 100% 
• 80% •. 80% •. 
W%i 
40% 
60%1 
40% 
K007 H007 SA07 K014 H014 SA14 
M_A N_E N_A M_A N_E N_A 
Fig.5.2 Graphs for perception by DFAT2 learners38 
Ascending (black), Descending (white) 
1. The average threshold values obtained in DFAT2 are generally greater than those 
obtained in NS. 
2. The order of the ascending and descending series has changed in some examples. 
Unlike DFATl, the values for the descending series are not consistently greater than 
those for the corresponding ascending series. 
3. The number of words in which the differences between the two series are 
statistically significant has decreased. (See Appendix 5.4 fort-test results.) There are 
only three such examples (by comparison with six in DFATl), namely: RI14KA_, 
I 14SO _, RI07K_A. If we assume that the distance between these two series indicates 
the amount of uncertainty involved in learners' perceptual judgments, the fact that 
fewer examples show significant difference suggests that the amount of uncertainty 
38 X in the graphs shows where learners indicated a question mark before JND. Appendix 5.3 
shows the values for which question marks were indicated by DFAT2 learners. 
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has decreased. The distance between the ascending and descending series has become 
notably smaller, especially with regard to obstruent C2. 
4. Vl duration does not seem to have any effect upon perceptual judgment in 
DFAT2. There is no case in which the percentage increase in duration required for a 
JND is significantly greater when the Vl duration is expanded to 140% than when it is 
shortened to 70% (Appendix 5.5). This is similar to the results obtained from DFA T 1. 
DFAT2 may be summarised as sharing some similarities with DFATl; the average 
threshold values are generally greater than those of NS, and there is also little 
influence of Vl duration upon perceptual judgment. DFAT2 differs from DFATl, 
however, in that the distance between the ascending and descending series has become 
smaller, and in fact there are less examples in which the differences between the two 
series are statistically significant. These results seem to suggest that the learners' 
perceptual targets are more established than for DFA T 1, in the sense that they 
demonstrate a smaller amount of uncertainty in their judgment. This does not mean, 
however, that the learners' perceptual bounclary itself has become similar to that of 
NS, since the threshold values are still greater than those of NS. 
S.S Third experiment 
In this section, the results obtained from the third experiment (DFAT3) are presented 
and the differences from those obtained from the first and second experiment are 
discussed. 
This is the final test of the longitudinal experiment. The four participants who had 
been undertaking intensive Japanese language training were about to finish their 
course and leave for Japan at the beginning of the following year. All participants 
achieved their goal in terms of their proficiency rating (see 5.1 ). 
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Vowels 
CV07CV KAOTIE RI07KA 
A.S 190% 193% 
S.D 35% 35% 
D.S 183% 213% 
S.D 20% 26% 
CV14CV KA14TE RI14KA 
A.S 193% 198% 
S.D 21% 47% 
D.S 198% 200% 
S.D 27% 24% 
Obstruents 
CV07C_V KA07f_E RI07K_A 
A.S 183% 190% 
S.D 54% 37% 
D.S 195% 195% 
S.D 35% 50% 
CV14C_V KA:l4T E RI14K A 
A.S 200% 203% 
S.D 32% 46% 
D.S 218% 213% 
S.D 46% 34% 
Nasals 
CV07N_V K007M_A H007N_E 
A.S 79% 80% 
S.D 14% 12% 
D.S 81% 85% 
S.D 16% 18% 
CV14N V K014M A H014N E 
A.S 85% 79% 
S.D 25% 15% 
D.S 85% 73% 
S.D 11% 21% 
Tables 5.5 Average Values - DFAT3 
A.S: ascending series 
D.S: descending series 
S.D: standard deviation 
107SO 
185% 
35% 
165% 
30% 
I14SO 
175% 
28% 
190% 
43% 
I07S_O 
185% 
42% 
200% 
37% 
I14S 0 
200% 
47% 
198% 
29% 
SA07N_A 
80% 
16% 
79% 
25% 
SA14N A 
73% 
13% 
73% 
18% 
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CV07CV 
-
KA07fE_ RI07KA I07SO 
T.V 186% 203% 175% 
A.D 285.71 266.29 270.90 
CV14CV 
-
KA14TE_ Rl14KA I14SO 
T.V 195% 199% 183% 
A.D 299.13 261.36 282.51 
CV07C_V KA07f_E Rl07K_A I07S_O 
T.V 189% 193% 193% 
A.D 216.50 241.97 204.24 
CV14C_V KA14T_E Rll4K_A Il4S_O 
T.V 209% 208% 199% 
A.D 239.44 260.83 210.87 
CV07N_V K007M A H007N E SA07N A 
T.V 80% 83% 79% 
A.D 170.08 149.99 129.62 
CV14N V K014M A H014N E SA14N A 
T.V 85% 76% 73% 
A.D 180.71 137.49 118.39 
Table 5.6 Average Threshold Values - DFAT3 
T.V: Average Threshold Values of ascending and descending series(%) 
A.D: Absolute Duration (msec) 
220% 
200% 
180% 
160% 160% 
140% 140% 
120% 120% 
100% 100% 
KA07 RI07 !07 KA14 
TE_ KA_ so 
-
TE_ 
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~-
RI14 114 
KA_ so 
-
220%i 220%? ~ 
_i;i: --0 200%. --0 200% 
180% ....... • 180% 
160% 160% 
140% 140% 
120% 120% 
100% 100% 
KA07 RI07 I07 KA14 RI14 I 14 
T_E K_A s_o T_E K_A s_o 
140% 140% 
120% 120% 
100% 100% 
80% 80% 
W%i 60% 
40% 40% 
K007 H007 SA07 K014 H014 SA14 
M_A N_E N_A M_A N_E N_A 
Fig.5.3 Graphs for perception by DFAT3 leamers39 
Ascending (black), Descending (white) 
1. The main and crucial difference from the NS data is that most average threshold 
values obtained in DFAT3 are still higher, and in fact, they are not significantly 
different from the results obtained in DFAT l (see Appendix 5.7 for dependent t-test 
results). 
Throughout the three experiments conducted in the academic year, no significant 
change in the overall average threshold values was observed. If we assumed that the 
learners' perceptual target would have gradually become closer to the NS norm as their 
level of proficiency increased towards the end of one year's intensive training, the 
average threshold values would have become smaller. The DFAT3 results, however, 
demonstrated no such tendency. In other words, the learners still have an inaccurate 
perceptual target, and the duration of C2 and V2 still needs to be longer than NS in 
order to be perceived as a long phoneme. 
39 Appendix 5.6 shows the values for which question marks were indicated by DFAT3 leamers. 
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2. In DFA T3, there is no consistent pattern in the order of the ascending and 
descending series. In DFA T 1, there was a tendency for the descending series to be 
greater than the corresponding ascending series. This tendency has disappeared in 
DFAT3. 
3. The distance between the ascending and descending series has become much 
smaller, and in fact none of the words demonstrated statistical significance in DFAT3 
(see Appendix 5.8 fort-test results). It is interesting to note that the number of words 
which demonstrated a statistical difference between the two series has gradually 
decreased over the year: in DFA T 1, six words were found to be significant, in DFAT2 
there were three, and finally in DFAT3 there were none. The fact that the distance 
between the ascending and descending series has gradually become non-significant 
implies that the amount of uncertainty in their perceptual judgment has decreased over 
the year. 
4. The relationship between Vl duration and the threshold values of C2 and V2 is 
still undefined. There are no examples in which the percentage increase in duration for 
a JND is significantly greater when Vl duration is expanded than when it is shortened 
(Appendix 5.9). This situation is the same throughout DFATl-3. Therefore, as far as 
the present data are concerned, it cannot be said that leamability of a perceptual target 
can be extended to the perception of C2 and V2 as a function of V 1 duration. 
S.6 Discussion 
The most crucial fact found from this longitudinal observation is that the average 
threshold values remained greater than those of NS throughout the year. After one 
year's intensive language training, the average threshold values obtained in DFAT3 
did not become significantly smaller than DFAT 1 (Appendix 5.7). On the other hand, 
while the distance between the ascending and descending series was significant in 
DFATl (Appendix 5.1), it gradually became smaller and finally became non-
significant for all examples in DFAT3 (Appendix 5.8). 
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One possible interpretation of the above finding is that the learners had not 
established clear perceptual targets at the beginning of the year, and thus the influence 
from errors of expectation may have been greater (also see Chapter 3). The learners 
gradually developed perceptual boundaries in which they related short/long contrasts, 
and therefore the amount of uncertainty involved in their perceptual judgment 
decreased. The interesting fact is that, although the extent of the grey area decreased 
after one year, the actual threshold values which can be regarded as perceptual 
boundaries did not show a significant change. In other words, the learners established 
perceptual targets which were inaccurate. and their perceptual judgment became more 
and more accurate in the context of their inaccurate perceptual targets. 
As mentioned above, the inaccurate perceptual targets learners have established 
involve a longer duration for the perception of a long phoneme compared to NS. This 
means that there is a perceptual domain in which the same stimulus is identified as 
short by learners but as long by NS. This discrepancy may be regarded as a cause of 
perceptual problems concerning long/short pQ.onemic contrast for learners of Japanese. 
If this is the case, the question is: when will the learners' perceptual boundary 
change to something which is closer to that of NS? It was demonstrated in Chapter 3 
that advanced speakers of Japanese have a similar perceptual target to NS. The 
threshold values which were obtained from advanced learners' were significantly 
smaller than those obtained from beginning learners, and this suggests that the 
learners' perceptual boundary has been modified somewhere between the intermediate 
level to near-native advanced level in the process of language acquisition. Such 
perceptual development was not observed during the one year's intensive course. It 
would appear that the perceptual norms of NS are something which take a long time 
for learners to acquire. From the results described in this longitudinal study, it seems 
that beginning learners cannot be expected to acquire NS models by themselves 
without appropriate instruction, since they may establish an inaccurate perceptual 
target and their judgment may become more and more accurate only towards this 
inaccurate perceptual target. 
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It was also found that the perceptual boundary was not affected by Vl duration. 
Threshold values were not significantly greater when the duration of V 1 was expanded 
to 140% than when it was shortened to 70%. This situation applied throughout 
DFATl-3. 
S. 7 Conclusion 
Longitudinal observation was conducted during one year with a group of DFAT 
learners to observe the details of the process of acquisition. It was found that the 
degree of uncertainty involved in their perceptual judgment decreased over one year. 
The crucial problem was that the learners established an inaccurate perceptual target, 
which was not modified throughout the year. It was interesting to observe the way in 
which their perceptual judgment gradually became more accurate in relation to their 
inaccurate perceptual target. 
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Chapter 6 Lon1itudinal study- Production 
This chapter reports the results for speech production obtained from the longitudinal 
study with DFAT learners. The main aim of the chapter is to observe the various 
strategies which learners apply at different stages of language acquisition, and the 
results are therefore presented separately for each learner. 
6.1 Subjects 
The subjects were those who participated in the longitudinal experiment for 
perception described in Chapter 5. 
6.2 Procedure 
The procedure for this experiment was the same as the perception test which was 
. described in Chapter 4. 
6.3 First experiment 
The results obtained from the first experiment (conducted in late February - March 
1993) are presented in the following section. The results obtained in this experiment 
bear a number of similarities with those of the ANU beginning-level learners 
discussed in Chapter 4. My auditory impression of DFATl is shown in Appendix 
6.1. 
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PVl(S) 
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Fig.6.1 Production by DFATl learners 
6.3.1 Word duration 
Generally speaking, the relative duration of two- and three-mora words in DFAT 
learners' speech production is underdifferentiated (Appendix 6.3). In some cases, the 
duration of three-mora expressions is not always significantly longer than that of two-
mora expressions; for example, the ratios of PK's RIKA series are 100/ l 04/ l 04, and 
the Anova result is not statistically significant (F=l.494; p=.2975). In other cases, the 
duration of two-mora expressions is longer than the corresponding three-mora 
expressions. This tendency is found in the examples such as DS 1 iso>isso, PKl 
hone>honne and PVl saga>sanga. APl is the only subject who seems to differentiate 
word-level duration consistently, but the amount of differentiation is smaller than that 
of NS, especially in respect of CVCCV. For example, the ratios of word duration in 
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APl 's RIK.A series are 100/124/155 while they are 100/151/140 for NS. The same 
tendency is observed in the KA TE series: APl 's ratios are 100/116/134 while they are 
100/142/134 for NS. APl seems to be able to control the timing of CVCVV in a 
native-like way, but not CV CCV. This example shows that the main problem is linked 
to CC length. In other words, CVCVV is three-mora for APl, while CVCCV is not. 
This may imply that the acquisition of timing control of CVCVV sequence precedes 
that of CV CCV. 
The equalized duration for two- and three-mora expressions can be observed as well 
as two-mora expressions being longer than three-mora expressions. This tendency is 
commonly observed in CVCV/CVNCV (e.g. DS1(4) (5) (6) and PKl (4) (5) (6)). 
Thus it can be said that DFAT beginning-level learners have problems in 
differentiating two- and three-mora expressions in terms of word duration, which is 
similar to the results for ANU learners described in Chapter 4. 
6.3.2 Long/short contrast 
The long/short contrast is often insufficiently marked for either C2 or V2 m 
learners' data (Appendix 6.4). This is described as 'underdifferentiation' by Han 
(1992), and is also found in the data obtained from the ANU subjects in Chapter 4. In 
this study, underdifferentiation of this contrast is further analysed into two sub-
categories: ( 1) underdifferentiation caused by the absolute duration of a long phoneme 
being too short compared to the short counterpart, and (2) underdifferentiation caused 
by the absolute duration of a short phoneme being too long in relation to the long 
counterpart. It is claimed that these two categories are different in nature, and thus 
should be treated separately. 
As mentioned in Chapter 4, it is generally believed that the main cause for 
underdifferentiation of the long/short contrast is shorter duration of the geminate C2. 
In DFATl, this tendency was found in the HONE series for DSl and PKl (see 
DS 1(5) and PK1(5)). However, longer duration of a single C2 was certainly a more 
frequently occurring problem than shorter duration of the geminate C2 in the DFATl 
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data. This situation is similar to the ANU beginning-level learners' data. In my 
auditory impressions, all the words with a single obstruent C2 (i.e. [kate/katee], 
[rika/rikaa] and [iso/isoo]) were perceived as having a long C2. 
Overexaggeration of long C2 was also found to be an attempt to make the 
distinction, and may be treated as a learner strategy for realizing the phonological 
contrast. The speakers are aware of the importance of the phonological contrast, and 
therefore try to make the durational contrast; however they have to overexaggerate the 
duration of the geminate C2 in order to produce the contrast because their single C2 is 
too long. In fact, despite the longer duration of single C2, the duration of a geminate 
C2 systematically overrides that of single C2, as illustrated in KA TE (70/100/98), 
RIKA (65/100175) and ISO (88/100/90) in APl (see APl(l)-(3)). 
In Chapter 4, I proposed the term 'reverse realization of phonological contrast' . 
. This refers to the phenomenon where the duration of phonologically short segments is 
longer than that of their long counterparts, and was shown to be a common problem 
observed in the ANU data. In the present data, it was also found to be one of the most 
common problems observed in DFAT learners' speech. For example, PKl 's data 
show that the duration of the single C2 was longer than the geminate C2 in the KA TE 
(103/100/111), RIKA (127/100/120), ISO (142/100/119) and HONE (1181100) 
series (e.g. the single C2 in [kate] and [katee] is 103% and 111 % respectively when 
the geminate C2 in [katte] is treated as 100% ). DS 1 's results for the KA TE 
(69/100/104), ISO (118/100/110) and HONE (101/100) series also show a similar 
problem. For PVl, the KATE (80/100/102) and SAGA (106/100) series involve the 
duration of a single C2 exceeding that of a geminate C2. 
APl also underdifferentiated the long/short contrast, but her present data do not 
show the reverse phonetic realization of the phonological contrast. If VOT had been 
included in C2, however, this phenomenon would have been found: the duration of 
short C2 in [katee] is 107% of the long C2 in [katte ], making the ratio of this series 
78/100/107. The corresponding ratios are 70/100/98 when VOT is excluded, and thus 
reverse phonetic realization does not apply (see 4.1.2. for the treatment of VOT). 
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PV 1 underdiff erentiated the durational contrast of the C2 in the KA TE series, but 
clearly differentiated that of the C2 in RIKA series. It seems that this speaker 
interpreted [rikka) as [rik-ka], and applied this strategy when producing a long [k]. In 
slow speech, the release of glottal closure was clearly observed (as shown in 4.3.3.), 
and this may be regarded as evidence of the segmentation of CV CCV as CVC-CV. 
The prosodic structure used by this speaker seems to be that of English syllable at 
stress foot boundaries (i.e. CVCCV is parsed as two words- CVC#CV). It is difficult 
to imagine a Japanese NS segmenting the sequence in this way, since geminate 
obstruents are invariantly word-medial in Japanese. Further investigation is needed in 
order to find out whether or not this can be regarded as solely due to interference from 
LL Also it is not clear why this strategy was applied only for the production of the 
long velar stop [k] and not for the alveolar stop [t] in PVl's data. 
With regard to V2, underdifferentiation due to both (1) shorter duration of 
phonologically long V2 and (2) longer duration of phonologically short V2 were 
observed (which is similar to the results obtained from the ANU subjects in Chapter 
4). An example of (1) is PVl's RIKA series (see PV1(2)). The short V2 in [rika] and 
[rikka] were perceived as acceptable while the long V2 in [rikaa] was too short. On 
the other hand, (2) is more commonly observed in the KA TE and ISO series. For 
example, the problem in the ISO series of DSl (1021771100) and PKl (931121/100) 
was their short V2 which was perceived as long. The second tendency was 
particularly prominent in words with an LH pitch pattern for DS and PK. It was 
found that the duration of V2 tended to be longer in such words than in words with an 
HL pitch pattern. 
As discussed in Chapter 4, the above results may be closely related to the fact that 
English stress is associated with longer duration (as well as higher FO and greater 
intensity). If learners interpreted a syllable with H tone as a stressed syllable (as it 
would be in English), the expected result would be a syllable with a longer duration. 
Another related problem which gave the impression of a short V2 being long, was that 
the word off set was often not associated with a glottal stop. This tendency was 
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particularly prominent in DS 1 who had no word-final glottal stops, a situation 
different from NS speech production in which word off set is associated with a glottal 
stop. 
In summary, there is a tendency for a long V2 to be too short when the pitch pattern 
is HL; on the other hand, it is more common for the short V2 to be too long when the 
pitch pattern is LH. The nature of the underdiff erentiation of the V2, therefore, seems 
to be quite different from that of the C2 which was discussed previously. 
Generally speaking, underdifferentiation tends to occur more frequently with the C2 
than the V2. This suggests that long/short differentiation is more difficult for the 
subjects to achieve with intervocalic obstruents than with word-final vowels. AP's 
data suggest that she has good timing control, because she makes a clear contrast in 
terms of absolute duration of the long V2. In APl, all examples of long V2 in [katee ], 
[rikaa] and [isoo] are longer than their short counterparts. In APl's ISO series, for 
example, there is a clear differentiation between long and short V2 (.54152/100); on the 
other hand, the ratio for the C2 is unqerdifferentiated (88/100/90). Thus the data 
obtained in the present study imply that there is greater difficulty involved in the 
differentiation of the durational contrast in C2. The implication of this result for the 
teaching situation in the classroom is that more time is required for training in timing 
control of C2 than V2 if learners are to improve their pronunciation (see Chapter 7). 
6.3.3 C2/Vl and V2/Vl ratios 
In NS data, the C2/Vl ratio was generally about twice as large for words with a 
long C2 as for those with a short C2. Unlike NS, DFAT learners' speech often 
showed a smaller C2/V 1 ratio for words with a long C2 than for words with a short 
C2. For example, the C2/Vl ratios for kate/katte/katee were 2.23/2.12/2.46 for PKl, 
2.09/2.81/3.26 for DS 1 and 1.69/2.00/2.24 for APl (Appendix 6.5). If the Vl 
duration were consistent, and the geminate C2 longer than the single C2, we would 
expect the C2/Vl ratio of CVCCV to be greater than that of CVCV or CVCVV. 
Contrary to expectations, the ratio for [katee] was greater than that of [katte] for all 
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three subjects. The ratio for the learners' [katte], on the other hand, is much smaller 
than 3.21 for NS (the ratios are 1.68/3.21/1.62 for NS). 
This situation is similar to the ANU learners' data (Fig.4.45-47). It can thus be said 
that a discrepancy between phonology and phonetic realization is found in the C2/V 1 
ratio, as well as in durational contrast, in the speech production of the DFAT 
informants. 
The possible causes of this problem suggested in the previous sections are: ( 1) the 
absolute duration of a geminate C2 being too short compared to the single counterpart, 
(2) the absolute duration of a single C2 being too long in relation to the geminate 
counterpart, (3) the duration of the preceding vowel Vl being too long compared to 
the duration of the geminate C2. Generally speaking, (2) was the most common 
tendency observed in all informants. Also, DS 1 and PKl demonstrated a few 
examples of (3). For example, PKl 's examples with an obstruent C2 consistently 
have the smallest values for CVCCV: 2.23/2.12/2.46 for the KA TE senes, 
0.91/0.55/0.97 for the RIKA series and 1.75/0.77/1.09 for the ISO series. 
A significant difference was observed for both PKl (F=5.917, p=0.0381) and DS 1 
(F=12.266, p=0.0076) regarding the duration of Vl in [rikka] (see PK1(2) and 
DS 1(2)). Similar results were observed in the duration of Vl in [isso] for PKl 
(F=8.584, p=0.0172) (PK1(3)). DSl, on the other hand, showed a significantly 
longer Vl in [isoo] (F=5.994, p=0.0371). 
The influence of segmental structure upon the duration of V 1 may be one of the 
reasons for these results. One possibility is that the duration of Vl is lengthened 
before a geminate C2 (i.e. CVCCV) as discussed in Chapter 4 for the ANU learners. 
This seems to be the case in PKl 's results. The other possibility is that lengthening of 
the Vl is due to an expectation of a long word-final V2 (i.e. CVCVV), which may 
apply in DS 1 's ISO series. In both cases, lengthening of the V 1 seems to be due to 
the existence of a long segment in the word. 
Additionally, unlike NS, the average duration of CV in the first syllable is not 
consistent in some cases. For example, the duration of [ri] in [rikka] is longer than in 
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[rika] and [rikaa] in PK1(2). This means that the duration of the first mora can be 
affected by the segmental structure of a word. 
Some problems are found with regard to the V2/V 1 ratios. For example, the V2/V 1 
ratios for the KATE series are 2.90/3.04/3.19 (DSl) and 2.33/3.16/4.11 (PVl), while 
they are 1.82/1.37/3.99 for NS. These results show that the duration of V2 is too long 
in relation to that of Vl in CVCV and CVCCV. ISO series demonstrate a similar 
problem where the V2/Vl ratios are 3.04/2.25/2.16 (DSl) and 2.37/2.31/4.23 (PVl), 
while they are 1.72/1.33/3.75 for NS. 
The V2 duration tends to be prolonged in words with an LH pitch pattern (see 
6.3.2). Thus the results of V2/Vl ratios are influenced by the pitch pattern of the test 
words. 
6.3.4 VOT 
t k t-test 
c 47.29 msec 51.83 msec t=-1.05, 
( 13.60) (16.24) p=.2994 
cc 35.24 msec 44.44 msec t=-1.622, 
(8.98) (17.48) p=.1191 
t-test t=2.771, t=l.255 
p=.009 P=.218 
Table 6.1 VOT 
The values of average VOT were significantly greater than those of NS in both 
KA TE and RIKA. 
The difference in VOT between [t] and [k] was not statistically significant (t=-1.05, 
p=.2994), and a similar situation pertains between [tt] and [kk] (t=-1.622, p=.1191). 
This result is different from NS speech production, in which the VOT of a velar stop 
was consistently longer than that of an alveolar stop. Therefore, it can be said that 
VOT shows no clear relationship with the place of articulation in the DFAT 1 results, 
the same as in the ANU data. With regard to VOT of geminate C2, [tt] is significantly 
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longer than [t] (t=2.771, p=.009), but the difference between [k] and [kk] is not 
significant ( t= 1.255, p=.218). 
6.3.S Pitch assignment 
The pitch assignment for words with a nasal C2 was a problem common to all 
subjects, and was particularly prominent in words with LH pitch. 
PV l's [honne] was segmentally similar to the NS norm, but with an incorrect pitch 
assignment. The first CVC-syllable ([hon]) was assigned an L tone and the following 
syllable ([ne]) an H tone. It appears that the L tone was assigned to the first CVC-
syllable because the subject had not acquired the phonological concept of a moraic 
nasal as a tone carrier, unlike NS. AP had a similar problem in terms of pitch 
assignment for this word, which was pronounced as [honnee ]. The first syllable 
. ([hon]) was assigned an L tone and the following long syllable ([nee]) an H tone. The 
lengthened V2 may be due to the accentual pattern of the word as discussed 
previously. 
DSl and PKl pronounced this word as [honee] and it was perceived to have an LH 
pitch pattern with the first syllable ([hon]) assigned an Land the following long vowel 
([ ee]) assigned an HH. This pitch assignment seems to reflect the English syllable 
structure of CVN-V, and is regarded as Ll interference. Their speech production here 
thus has several concurrent problems: a shorter duration of [n] so that it is not 
perceived as a moraic nasal, a lengthened V2 due to the accentual pattern of the word, 
and also incorrect pitch assignment. 
Phonologically speaking, the tone assigned to the second mora must be different 
from that of the first mora as discussed in the previous chapters.40 The results 
obtained in the present study show that it is difficult for English-speaking subjects to 
acquire the concept of the moraic nasal as a tone carrier. PKl had the same problem in 
words with an HL pitch pattern such as [komma] and [sanga], assigning an H tone to 
40 In NS fast speech, however, [honne] with an LHH pitch pattern may be pronounced with an 
HHH pitch pattern as mentioned previously. This may be interpreted as anticipatory assimilation 
caused by the H tone on the second mora (see 4.2.2.5). 
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Fig.6.2 Production by DFAT2 learners 
6.4.1 Word duration 
The ratios of word duration obtained in the second experiment (Appendix 6.8) show 
some changes from the data obtained in the first experiment which was described in 
the previous section. 
Firstly, the differentiation of word duration between two- and three-mora 
expressions has become clearer in the data of DS2 and PK2 (Appendix 6.8). In the 
first experiment, most subjects did not clearly differentiate between two- and three-
mora expressions except for APl. In the second experiment, DS2, for example, 
shows that the average duration of two-mora expressions in the KOMA (100/114), 
HONE ( 100/ 120) and SAGA ( 100/ 123) series is shorter than that of the corresponding 
three-mora expressions. This is an improvement since DS 1 showed no word-level 
durational distinction in the words with a nasal C2. PK2 also shows a similar pattern 
in the KOMA (100/116) and HONE (100/130) series, but his SAGA series has a 
problem of a longer average duration for the two-mora expression [sana] than the 
corresponding three-mora expression [saooa] (100/86). With regard to AP2, 
differentiation between the word duration of two- and three-mora expressions 
generally has become greater than for APL For example, the ratios of differentiation 
in the ISO series are 100/142/154 in AP2, while they were 100/106/128 in APL 
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Secondly, there is a tendency in some speakers' data towards identical word 
duration for two- and three-mora expressions. This is particularly prominent in the 
speech production of PV2. In comparison with the PVl data, it has become more 
difficult to distinguish two-mora expressions from three-mora expressions based on 
word duration. PK2 also shows a similar tendency in the KA TE series. The ratios are 
100/108/100 and 100/98/102 in PV2 and PK2 respectively, and the differences 
between two- and three-mora expressions are very small. 
6.4.2 Long/short contrast 
In experiment 1, it was found that all subjects had problems in the production of the 
long/short contrast. Some improvement can be observed regarding this aspect of 
speech production in experiment 2 (Appendix 6.9). For example, AP2 seems to have 
. acquired the durational contrast of the intervocalic C2 in the KA TE and ISO series, 
mainly because the duration of the short C2 in CVCV and CVCVV has become 
shorter. With regard to the RI.KA series in AP2, however, short [k] remained too 
long: all C2 in AP2's RI.KA series were perceived as long [k] by an NS. This 
example seems to support the claim that the acquisition of alveolar stops precedes that 
of velar stops. 
The long/short contrast is still not achieved in many cases. In fact, all obstruent C2 
in DS2, PK2 and PV2 are perceived as long C2 by an NS except for [rikaa] in PK2. 
Also, the durational contrast in [honne] vs [hone], which was clear in APl, has 
disappeared in AP2. All this implies that the subject's timing control is in a 
continuingly changing state and is still imperfect. 
Reverse realization of the long/short contrast is no longer observed in DS2. The 
ratio shows that geminate C2 is consistently longer than single C2, unlike the results 
obtained in DSl: KATE (60:100:80), RI.KA (75:100:77) and ISO (95:100:92). These 
examples may be regarded as an improvement (compared to DSl) although the 
durational contrast is still underdifferentiated and all single C2 are still perceived as 
long by an NS. 
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PK2 also shows some improvement (e.g. 84/100/50 for the RIKA series) although 
his long/short contrast in the KA TE series still shows reverse realization 
(106/100/103). The overall frequency of the occurrence of reverse realization, 
however, has decreased from PKl. 
With regard to PV2, it seems that the long/short contrast is less distinguishable in the 
RIKA and ISO series, where the ratios have changed from 45/100/41 (PVl) to 
83/100/86 (PV2), and from 86/100/92 (PVl) to 110/100/107 (PV2) respectively. 
Thus the durational contrast is less distinctive in PV2. It appears that this tendency is 
closely related to the equalization of word duration described above. In this speaker's 
data, it seems that the durational contrast is lost in both word duration and long/short 
C2, and a new tendency towards equalized duration is observed. 
With regard to V2, it seems that the acquisition of the long/short contrast in words 
with an HL pitch pattern precedes that for words with an LH pitch pattern. As far as 
the data obtained· in the present study are concerned, all speakers demonstrated a 
durational contrast concerning V2 in the RIKA series. On the other hand, there are still 
some problems in the KATE (PV2: 106/105/100), and ISO (DS2: 105/113/100 and 
PV2: 98/104/100) series. This is because, when the second syllable is assigned an H 
tone, the duration of the V2 tends to be longer even when it is phonologically short. 
This tendency was also observed in the first experiment. 
In PV2, it appears that the tendency to equalize duration (as seen in word duration 
and the C2) also applies in the interpretation of the data concerning the V2. 
6.4.3 C2/Vl and V2/Vl ratios 
A common tendency found in DFAT2 is that the C2/Vl ratio for geminate C2 is too 
small compared to NS. This implies that the duration of the geminate C2 is still too 
short in relation to that of V 1. On the other hand, the C2/V 1 ratio for single C2 is too 
big compared to that of NS. This implies that the duration of single C2 is too long in 
relation to V 1 duration in the DFAT2 data. 
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Reverse realization of the C2/V 1 ratio has disappeared from the subjects' data except 
for PK2 (Appendix 6.10). PK2 still shows a longer V 1 duration before the geminate 
C2 in the KATE and ISO series, which is similar to the tendency observed in PKl. In 
the RIKA series, on the other hand, a lengthening of the V 1 was observed in CVCVV 
(e.g. [rikka] was pronounced as [riika] in PKl, while [rikaa] was pronounced as 
[riikaa] in PK2). This makes the C2/Vl ratio of CVCVV the smallest 
( 1.58/ l.80/0.57). It is interesting to note that a longer V 1 in CVCVV was also found 
in [isoo] for DS 1. Therefore it seems that there are at least two causes for the 
lengthening of V 1: one is due to the gemination of C2 (see Chapter 4), and the other to 
the influence of a long V2. The longer Vl in the CVCVV sequence found in this 
section may be interpreted as the result of anticipatory lengthening which is caused by 
the existence of a long V2. 
With regard to V2/Vl ratios, those obtained in DFAT2 do not show any 
.improvement from those in DFATl. The V2/Vl ratios for the KATE series are 
2.73/2.78/3.31 (DS2) and 4.58/4.7114.42 (PV2), while they are 1.82/1.37/3.99 for 
NS. The V2 duration is still too long in relation to that of Vl in CVCV and CVCCV. 
ISO series also demonstrate a similar problem where the V2/Vl ratios are 
2.15/2.73/2.31 (DS2) and 4.39/3.16/2.77 (PV2), while they are 1.72/1.33/3.75 for 
NS. 
On the other hand, it is interesting to note that V2/Vl ratios of CVCVV are greater 
than those of NS in AP2. For example, they are 2.90/1.76/5.11 and 2.74/1.96/4.67 
for KATE and ISO series respectively. These results imply that the V2 duration is too 
long in relation to the Vl duration in CVCVV due to overexaggeration oflong V2. 
6.4.4 VOT 
The average VOT of the learners was longer than that of NS in the first experiment. 
Although this still remained the same in the second experiment in all examples, the 
difference between the average VOT of DFAT2 and that of NS has decreased. The 
decrease in VOT is particularly prominent in the realizations of [k] and [kk], which 
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were 51.83 msec and 44.44 msec respectively in DFATl, and 39.65 msec and 39.43 
msec in DFAT2 (Table 6.2). 
t k t-test 
c 49.23 msec 39.65 msec t=2.13, 
( 17.10) ( 13.92) P=.0386 
cc 36.38 msec 39.43 msec t=-.426, 
(17.97) (16.98) P=.6741 
t-test t=2.091, t=.042 
P=.0441 P=.9664 
Table 6.2 VOT 
Unlike NS, the VOT associated with [k] is not significantly longer than that 
associated with [t]. This situation is similar for VOT between [kk] and [tt]. Therefore, 
it can be said that VOT did not demonstrate as clear a relationship with the place of 
articulation in the DFAT2 data (this situation is the same in the DFATl data). It seems 
that, unlike NS, the phonetic universal principles still do not operate in DFAT2. With 
regard to the difference in VOT between a single and a geminate C2, it is significantly 
longer for [t] than for [tt], but this situation does not apply for [k] and [kk]. 
6.4.5 Pitch assignment 
The distinction previously shown in the pitch patterns of KOMA series has 
disappeared in DS2. In DSl, [koma] and [komma] were pronounced as [kooma] 
HHL and [komma] HLL, and thus distinguished (although the phonetic realization of 
the distinction was different from that of NS). In DS2, however, both of these words 
were pronounced as [komma] HLL and it is no longer possible to perceive the 
differences between [koma] and [komma] in the auditory level. 
PK2 continues the incorrect pitch assignment for words with a nasal C2. The first 
CVC-syllable is assigned one pitch for all examples (e.g. [kom-ma] HH-L). This 
occurs consistently and is similar to PKl. This means that PK2 has not yet acquired 
the concept of a moraic nasal C2 as a tone carrier, and he does not allow a pitch 
190 
change within the first syllable (e.g. [kom-ma] HL-L). In this respect, PK2 still has 
some difficulties with the acquisition of correct pitch assignment. 
All subjects still have problems with the pitch assignment in the HONE series. They 
all give long duration to the V2 in [honne] which may be due to the LH pitch pattern, 
and AP2 and DS2 have short duration for the intervocalic nasal C2. This shows that 
the acquisition of timing control and correct pitch assignment is particularly difficult 
for words with a nasal C2. 
6.5 Third experiment 
The final experiment was conducted in November 1993, approximately four months 
after the second experiment. The results are presented and the discussion will focus on 
the differences from the first and second experiments. My auditory impression of 
DFAT 3 is shown in Appendix 6.11. 
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Fig.6.3 Production by DFAT3 learners 
6.5.1 Word duration 
Generally speaking, the durational contrast between two- and three-mora 
expressions is clearly shown in AP3 (Appendix 6.13). Therefore, it can be said that 
·AP gradually improved her control of mora timing throughout her one year's training. 
DS3 distinguishes the duration of expressions with an obstruent C2, but not words 
with a nasal C2. In DS2, it appeared that he had acquired timing control for words 
with a nasal C2, but contrary to this expectation, DS3 shows that the two-mora 
expressions in the KOMA (100/92) and SAGA (100/80) series are longer than the 
corresponding three-mora expressions. PK3 also showed this tendency in the KOMA 
(100/87) and HONE (100170) series. Consequently it is not possible to say that these 
speakers have acquired accurate mora timing in Japanese during their one year's 
intensive training. 
PV3 shows that the duration of two- and three-mora expressions has become even 
more equalized than it was in PV2. It appears as if this speaker intends to maintain an 
identical duration for all words within the same series. As a result, it has become 
impossible to distinguish two- and three-mora expressions based on word duration. 
The data obtained from the experiments 1-3 show that most learners did not acquire 
correct timing control for word duration after one year's intensive training. Some two-
mora expressions in DS3 and PK3 were still longer than the corresponding three-mora 
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expressions. AP is the only subject who seems to have acquired timing control over 
word duration, but in her case, the duration of two- and three-mora expressions was 
already differentiated in the first experiment. 
The results obtained in the present study show the difficulties involved in the 
acquisition of timing control in Japanese, especially concerning word-level durational 
contrast, in words with a nasal C2. 
6 . .5.2 Long/short contrast 
AP2 showed a long/short contrast for intervocalic C2 in the KA TE and ISO series 
in the second experiment. In the final experiment, AP3 showed a clear durational 
contrast in the RIKA series as well (Appendix 6.14). The change in the durational 
contrast of C2 in the RIKA series is as follows: 65/100175 (APl), 51/100/62 (AP2) 
and 33/100/43 (AP3). Therefore, as far as the present data are concerned, it appears 
that AP has improved her timing control and gradually acquired the long/short contrast 
for C2 during the year. The order of phonetic acquisition is as expected: the 
acquisition of alveolar stops precedes that of velar stops. It was also found that the 
acquisition of durational contrast in word final V2 preceded that of intervocalic C2 in 
AP's data. 
Reverse realization of the long/short contrast for C2 is still found for the ISO series 
for PK3 (110/100/141) and PV3 ( 1101100/101), the KOMA series for DS3 
(113/100), and the SAGA series for DS3 (101/100) and PV3 (117/100). Also, 
underdifferentiation of the contrast is seen in examples such as the RIKA series for 
PV3 (95/1001100), the ISO series for DS3 (95/100/100), the KOMA series for PK3 
(911100), and the HONE series for both PK3 (92/100) and PV3 (89/100). In these 
examples, the difference is small and it appears PK3, DS3 and PV3 are losing the 
long/short contrast in their speech production. 
As mentioned previously, the tendency towards the loss of long/short contrast was 
first found in the data obtained from PV2. After observing the data obtained in the 
third experiment, it now seems that this tendency occurs consistently in PV3. The 
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other supporting evidence is that words which have an obstruent C2 and a long nasal 
C2 have become CVCCVV (e.g. [rikkaa], [kommaa]) and words with a short nasal 
C2 have become CVCVV (e.g. [komaa]). This seems to occur consistently, regardless 
of the pitch pattern. It appears as if PV has constructed his own systematic pattern in 
his timing organization, namely CVCCVV and CVCVV. 
6.S.3 C2/Vl and V2/Vl ratios 
The C2/Vl ratios of single C2 generally have become smaller while those of 
geminate C2 have become greater for AP3 (Appendix 6.15). This is due to 
overexaggeration of long/short C2 differentiation. The C2/V 1 ratios of the KA TE and 
RI.KA series are 1.52/4.56/2.31 and 1.74/4.58/2.30 for AP3; the corresponding ratios 
were 1.69/2.00/2.24 and 2.30/3.27/3.12 for APL Thus the differentiation of the 
C2/V 1 ratios of single C2 and geminate C2 is greater in AP3. In fact, the ratios in AP3 
show a greater degree of differentiation than the corresponding ratios for NS, which 
are 1.68/3.2111.62 and 1.3112.82/1.13 respectively. 
The average duration of Vl tends to be longer before a long nasal C2 in AP3 (this is 
similar to NS), while the other learners tend to show longer average Vl duration 
before a short nasal C2. Amongst all the subjects, the tendency towards longer Vl 
was most prominent for PK3 who demonstrated a long V 1 in all the RI.KA series. 
With regard to V2/Vl ratios, AP3 demonstrates a similar tendency observed in AP2 
(see 6.4.3); the V2/Vl ratios of CVCVV are greater than those of NS due to 
overexaggeration of long V2. For example, they are 2.43/2.60/5.56 and 
2.00/2.4116.47 for KATE and ISO series respectively, while they are 1.82/1.37/3.99 
and 1.72/1.33/3.75 for NS. The V2/Vl ratios of CVCVV have become greater than 
those in AP2 in both KA TE and ISO series. 
Interestingly, the V2/V 1 ratios in DS3 and PV3 still demonstrate the same problem 
found in DFATl and DFAT2. They demonstrate greater V2/Vl ratios for CVCV and 
CV CCV in the word with an LH pitch pattern. The V2/V 1 ratios for the KA TE series 
are 2.88/6.07/4.29 (DS3) and 7.0117.8917.37 (PV3) respectively, while they are 
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1.82/1.37/3.99 for NS. The V2/Vl ratios are too big compared to those of NS. This 
tendency is more prominent in DFAT3 than in DFATl in these speakers' data. ISO 
series also demonstrate a similar problem where the V2/Vl ratios are 3.13/5.80/4.69 
(DS3) and 5.53/6.30/3.78 (PV3), while they are 1.72/1.33/3.75 for NS. 
6.S.4 VOT 
VOT results in DFAT3 does not show a clear relationship either with the place of 
articulation or with gemination of the C2. This result is the same as that of the ANU 
beginning-level speakers. 
VOT for [t] and [k] were not statistically significant (t=-.084, p=.9332), and the 
corresponding geminate C2 shows the same tendency (t=-.684, p=.501). The 
gemination of the C2 does not affect VOT for either [t] (t=l.926, p=.0625) or [k] 
(t=.474, p=.6384). 
t k t-test 
c 40.52 msec 40.88 msec t=-.084, 
(11.69) (17.55) p=.9332 
cc 32.62 msec 37.63 msec t=-.684, 
(11.41) (22.69) p=.501 
t-test t=l.926, t=.474 
o=.0625 P=.6384 
Table 6.3 VOT 
Average VOT in the present data is still significantly longer than that of NS in all 
examples. In comparison with the data obtained from the first experiment, the average 
VOT decreased in DFAT3. 
The results of dependent t-test show that this decrease is significant in KA TE 
(t=2.09, p=.0422) and RIKA (t=2.244, p=.0297), and not statistically significant in 
KATTE (t=.626, p=.5377) and RIKKA (t=.823, p=.4191). Therefore, it can be said 
that the value for VOT decreased significantly in CVCV and did not decrease 
significantly in CVCCV during the one year's intensive course. This means that the 
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VOT of DFAT learners did not become similar to that of NS nor advanced-level 
learners. 
6.5.5 Pitch assignment 
Some errors are still observed in pitch assignment. For example, PK3 and PV3 
show a consist pattern of assigning the first CVC-syllable one tone, such as [kom-ma] 
HH-L, [hon-ne] LL-Hand [sau--na] HH-L. In other words, these learners have not 
been able to develop the concept of a moraic nasal C2 as a tone carrier during their one 
year's intensive training. DS3 also has a similar problem with pitch assignment for the 
HONE series. The assignment of an LH pitch within a CVC-syllable (e.g. [hon-ne] 
LH-H) appears very difficult for the learners. It seems that more difficulty is involved 
in words with an LH pitch pattern than in those with an HL pitch pattern.41 
AP3 showed no problems with pitch assignment. This is an improvement from APl 
where errors such.as [hon-nee] LL-HH were observed. 
6.6 Discussion 
Three experiments were conducted in order to observe the speech production and 
perception of a group of four subjects who were undertaking an intensive course in 
Japanese over the 1993 academic year. 
It was found that the results obtained from the acoustic observations in the first 
experiment bore similarities to those obtained from the ANU learners described in 
Chapter 4, such as underdifferentiation of the long/short contrast which was mainly 
due to the longer duration of short phonemes rather than the shorter duration of long 
phonemes. 
The results described in this chapter provide further evidence of the difficulties 
involved in the timing control of single C2 in CVCV. All four subjects had this 
problem as evidenced by the results obtained from the first experiment; long C2, on 
the other hand, was produced correctly in a number of cases. The findings obtained in 
41 No speakers showed anticipatory assimilation caused by the H tone on the second syllable such 
as [honne] with an HHH pitch pattern, unlike NS. 
203 
this chapter provide further evidence that the timing organization of the basic CVCV 
sequence in Japanese is influenced by language-specific rules, and not governed by 
'universal rules' (Chomsky and Halle 1968:295) as discussed in Chapter 4. 
The results obtained from the three experiments revealed some interesting changes at 
different stages of the learners' acquisition of timing control. AP's timing control of 
the CVCV sequence gradually improved during the year. This indicates that Japanese 
timing organization is learnable. It was found, however, that the durational contrast 
became more and more distinctive in this speaker's data, to the extent that it was 
overexaggerated. The degree of AP's durational contrast was less than that of NS in 
the first experiment, but became greater than that of NS in the third experiment. 
Overexaggeration of phonological contrasts seems common to L2 learner's 
pronunciation, and a possible cause of this case is the speaker's awareness of the 
importance of the phonological contrast. If overexaggeration occurs, however, the 
. speaker's pronunciation may sound unnatural to NS. Therefore, it is important to note 
that production of the durational contrast alone may not necessarily improve learners' 
pronunciation if the phonological distinction is too overexaggerated. From the 
viewpoint of teaching Japanese timing organization, instruction which merely focuses 
on the production of a clear differentiation may lead some learners, particularly those 
who are aware of the importance of the phonological distinction and try hard to 
achieve it, to overexaggerate the phonological contrast. The results obtained in this 
study imply that it is necessary to teach appropriate timing control rather than just 
focus on making the differentiation (see Chapter 7 concerning an application to the 
teaching of Japanese timing organization). 
On the other hand, the other speakers seemed to have constructed incorrect patterns 
in their timing organization. Although their ability to control timing gradually 
improved during the year, the results of the final experiment were not similar to NS 
speech because their targets (i.e. the patterns they had constructed for themselves) 
were different from NS norms. For example, PV appeared to have constructed his 
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own timing pattern which is perceived as CVCCVV42 by NS and in the third 
experiment, all examples with an obstruent C2 have become CVCCVV (e.g. all of 
[rika], [rikka] and [rika] became [rikkaa]). This tendency was also found in PK's 
KA TE series in the third experiment. 
Although it is very difficult to account for this tendency, one possible reason is a 
decrease in the speakers' awareness of the importance of the durational contrast in 
Japanese. According to the course participants, phonological aspects of Japanese 
durational contrast were only taught at the beginning of their course. The learners had 
just been introduced to the phonological durational contrast when the first experiment 
was conducted, and thus the level of learners' awareness was high. No systematic 
practice which focuses on pronunciation was given to this group of learners for the 
rest of the year. Therefore, it is possible that when the speakers became less 
conscious of the phonological distinction, all CVCV, CV CCV and CVCVV merged to 
what an NS would perceive as CVCCVV. If this is the case, the results obtained in 
this study indicate the necessity for instructors to remind learners of the importance of 
the phonological contrast throughout the year, to maintain their awareness. 
In the first experiment, PVl seems to have interpreted CVCCV sequences as CVC-
CV (e.g. [rik-ka]) in order to make the durational contrast. As discussed in the 
previous chapter, this could be interpreted as a strategy which reflects the speaker's 
underlying knowledge of geminate consonants occurring at morpheme boundaries in 
English (e.g. cat tail, rock cake), and this interpretation may have helped this subject 
to produce long C2. By the third experiment, however, it does not appear that this 
strategy was applied. Instead, PV3 tried to equalize word duration and the long/short 
contrast. This shows that learners' speech production and the strategies they use are 
continually changing. 
With regard to VOT, it was found that although the average VOT gradually became 
smaller in some speakers' speech towards the end of the year, this decrease was not 
always statistically significant. VOT was still too long compared to that of NS and 
42 The C2 seems to become short when it is a single nasal C2 (ie. CVNVV). 
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advanced-level speakers. There was no consistent relationship between VOT and 
gemination of C2. Also, no evidence was found to support universal hypotheses 
concerning VOT and the place of articulation because the t-test results demonstrated 
that VOTfor [k] was not significantly longer than that of [t] (the same situation was 
found with [kk] and [tt]) in DFATl-3. It is interesting to note that NS and advanced-
level speakers' data provided some acoustical evidence that VOT increased as the 
place of articulation moved back, but this type of phonetic universal was not found in 
the beginning-level learners' speech production. This means that although the 
beginning-level learners deliberately manipulate the duration of different segments in 
their speech production (not necessarily in the same way as NS). they do not 
incorporate universal principles in their speech production, unlike NS and advanced-
level speakers. 
Pitch assignment to words with a nasal C2 was a problem for many subjects. Most 
of the errors were related to the assignment of a tone to the first syllable. The pitch 
pattern of the HONE series (LH) was especially difficult for the learners. 
Without longitudinal observations, the gradual increase in the rate of 
overexaggeration by AP, or the development of unique timing patterns by other 
speakers, would not have been discovered. A cross-sectional observation can only 
capture the characteristics of learners' speech produced at a particular time, and has its 
own limitations. It is necessary to examine longitudinal data when developmental 
aspects of language acquisition are discussed. The results obtained in experiment 1-3 
demonstrated that acquisition processes of individual learners were completely 
different, consequently, they imply that the learners need to be instructed individually 
in the classroom to improve their pronunciation. 
6. 7 Conclusion 
In this chapter, the longitudinal study was conducted and various findings were 
obtained which were unique only to the longitudinal observations. It is recommended 
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that longitudinal data collection be conducted in order to observe independent learner 
strategies and the ways in which they change over time as described in this chapter. 
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One of 
or not second language 
It is generally believed 
process language it facilitates rather 
(Krashen 1982:37). (1985), however, claims 
given target language are not if learners are not 
not a 
accent 
to 
on lS 
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impedes learning 
certain aspects of 
them. Based on 
at a 
can 
Tokyo to country areas were investigated 
World War. Amongst five hundred Japanese children, those who were younger than 
six years old when they moved to rural areas acquired the local accent, those 
who were thirteen years or older retained their Tokyo accent 
While the acquisition process itself may be affected by the age of learners, we cannot 
simply assume that children learn faster than adults. In this sense one cannot say that 
younger is better (see Krashen et aL (1979) for the effect of age upon SLA). It is 
generally assumed that children can access their acquisition device in L2 learning, 
while adults tend to use learning strategies which are similar to ones employed 
general problem-solving (Ellis 1990). 
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The question addressed in this chapter is to what extent Japanese timing organization 
is teachable to adults. A pronunciation lesson was given to a group of adult learners to 
investigate the role of instruction in the acquisition of Japanese timing control and 
perceptual categorization. Acoustic investigation was then conducted of both their 
speech perception and production after the lesson, in order to observe the extent to 
which instruction helped learners to improve their timing control. Additionally, 
identification tests on learners' pronunciation were conducted both with learners and 
NS. This was to examine how NS evaluation of learners' pronunciation, and learners' 
own evaluation of their pronunciation, had improved after the lesson. 
As indicated in Chapter 1, this is an additional chapter describing one application 
suggested by the research findings from the experiments reported in the main body of 
this thesis. Because of limitation of space, it is beyond the scope of this study to 
discuss in detail the effects of different teaching methodologies. 
7 .1 Problems 
Students of Japanese tend to make common errors concerning the perception and 
production of the following utterances:43 
1. Kite kudasai. 2. Kitte kudasai. 
HL HLL 
"Please come." "Please cut (this)." 
3. Kitte kudasai. 4. Kiite kudasai. 
LHH LHH 
"Please give me a stamp." "Please listen." 
43 The intended meaning of such utterances may be understood from their context in real-life 
situations. As mentioned in Toda (1993), however, learners (especially beginners) often encounter 
problems in context independent situations, such as when they ask the meaning of Japanese words in 
the classroom. I have experienced occasions where beginning learners have asked "What does ..... 
mean ?" or "How do you use ..... ?" In such situations, I did not understand which word they meant 
due to the fact that they confused long/short contrasts and/or pitch patterns. 
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Recent work by Han (1992: 102) points out that: 
The duration of geminate consonants in Japanese intrigues language students, 
instructors and linguists for practical as well as theoretical reasons. Students of 
Japanese as a foreign language are puzzled and frustrated as they are repeatedly 
corrected on the pronunciation of geminate consonants. Experienced instructors 
know that the timing control of geminate consonants in Japanese is one of the most 
difficult phonetic skills for the students to master. For practical purposes, both 
students and teachers need to understand exactly how native Japanese speakers make 
the geminate/single contrasts. Imperfect timing control of these sounds gives even 
fluent speakers a foreign accent. 
Han ( 1992) observes the production of phonemically contrastive long and short 
stops by advanced-level American learners of Japanese. She claims that the results 
obtained from her experiments indicate that Japanese NS show a clear durational 
contrast between long and short consonants with an average ratio of 2.8: 1, while 
American learners have a ratio of 2.0: 1 and thus underdiff erentiate the contrast. Han 
concludes that the durational contrast in stops is one of the most difficult aspects of 
Japanese phonology for NNS, and comments that 'A suggestion to "make the 
geminate consonants 3 times as long as the single ones" may have practical, 
pedagogical merit' (1992:126). 
In Chapter 4, it was argued that this suggestion was too unidimensional to capture 
the dynamic reality of the durational contrasts in the spoken language. It was found 
that underdifferentiation was only one of the processes involved in the learners' 
speech production, and that focussing only on durational contrast would not lead to a 
solution. 
The question is, then, what other alternative methods can be applied to help 
learners improve their timing control. One suggestion proposed in the previous 
literature is to teach Japanese rhythm using musical notations (Yoshida et al. 1976; 
Kawakami 1984; Hirata 1988). These offer a graphic means to incorporate several 
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dimensions of the phonetic aspects discussed in the previous chapters, such as 
duration, pitch pattern and vowel off set quality. Also, introducing the basic concepts 
of musical notation and usage circumvents the need to introduce many phonetic terms 
which might make the description unnecessarily complicated for learners. 
Previous studies differ in the use of basic musical notation for the description of 
geminate consonants and whether or not they include the notion of pitch in their 
description. For example, Yoshida et al. ( 1976:9) incorporate pitch in their description 
and indicate the pitch rise in the second mora for all /CV/, IN/ and /Q/ as shown 
below: 
ri N go 'apple' ki Q te 'postage stamp' 
Thus, an H tone is assigned to the second mora in both /riNgo/ and /kiQte/, making 
the pitch pattern of these words LHH. This description is based on the Japanese 
phonological rule that the pitch assigned to the second mora has to be different from 
that assigned to the first mora (see Chapter 2). Phonetically speaking, however, the 
IQ/ in /kiQte/ is a silent closure period of [t] and there is no sound during the closure 
of this voiceless stop. In this respect, the phonetic properties of /QI are completely 
different from those of IN/. The phonologically-based musical notation above does 
not account for this phonetic reality, and additional thought needs to be given to the 
suggestion that learners raise pitch where there is no sound. 
Prior to the present study, I conducted informal interviews with Japanese 
instructors teaching at tertiary-level institutions in Canberra in order to find out the 
teachers' awareness of their learners' problems concerning the acquisition of Japanese 
pronunciation.44 One university lecturer (NS) said that one of her beginning-level 
students asked her a question regarding the pitch change marked on Japanese words 
4 4 The general impression I obtained from the interviews was that there was no systematic 
practice given on a regular basis for learners to improve their pronunciation in most cases, and this is 
largely due to lack of time. A number of instructors felt that, as there was a large number of 
grammatical items which needed to be introduced in the classroom, they could not afford to spend time 
on pronunciation practice. 
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in their textbook, Introduction to Japanese (Mizutani & Mizutani 1987). According to 
this lecturer, the student asked if the pitch went up at the location where the small tsu 
in kana orthography was located since the pitch rise was marked on the small tsu in 
the word. (The small tsu in kana orthography in the above example is an equivalent of 
a silent closure period of a voiceless geminate obstruents.) When told that the pitch 
would go up at the location of the small tsu, the student looked puzzled and said, "but 
how?". The teacher realized the problem and told the student that this was the way 
Japanese NS would feel, and that the student should try feeling that way even if there 
is no actual voicing associated with the pitch rise. This example demonstrates two 
interesting points: firstly, this learner found the phonologically-based description 
confusing because it did not agree with the phonetic reality; secondly, even an 
experienced teacher was not able to give either an appropriate explanation or 
instructions to help the learner to improve his pronunciation except for referring to the 
psychological reality of NS. It seems doubtful that this explanation was particularly 
useful for this student. In L2 teaching, I believe that NS instructors cannot expect 
learners to understand explanations which are based on the psychological reality of 
NS, because the learners' Ll is different from their target language. 
Additionally, the results obtained in Chapter 4 and 6 of this study show that the 
duration of Vl tends to be too long in relation to the duration of the geminate C2 in 
some learners' data. This may imply that if students are too conscious of producing 
the suggested pitch pattern, their awareness may lead them to prolong the duration of 
the V 1 even more as a result of the pitch adjustment (i.e. from L to H, or H to L) from 
the first to the second mora. This is a situation which teachers should try to avoid in 
students' pronunciation. 
For these reasons, musical notations which indicate pitch rise during the silent 
closure period of a voiceless geminate stop do not seem to be the most appropriate 
way of introducing the practice of the timing control and pitch pattern of geminate 
stops to learners with a different language background (i.e. who do not have the same 
phonology as Japanese NS in their Ll ). Therefore in the present lesson plan, 
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indication of pitch rise associated with geminate stops used in Yoshida et al. ( 1976) is 
avoided. 
By contrast, neither Kawakami (1984) nor Hirata (1988) incorporate pitch patterns 
in their musical notation and focus only on durational aspects. Making a clear 
distinction between descriptions of the silent closure period of a geminate consonant 
(staccato crochet) and moraic nasals or long vowels (crotchet) appears a valid strategy 
to avoid learners' confusion. At the same time, the fact that these descriptions focus 
purely on durational aspects, with pitch patterns not being taken into account seems 
somewhat biased. 
In the previous chapters, I have argued that the acquisition of correct pitch patterns is 
challenging for both beginners and advanced learners. It was claimed that more 
practice on this aspect is needed since the acquisition of correct pitch assignment is as 
crucial as that of timing control. Therefore multi-dimensional descriptions which also 
incorporate pitch patterns seem preferable for the improvement of learners' 
pronunciation. In ·the text used here for pronunciation practice, pitch is therefore 
incorporated together with duration (see Appendix 8.1 ). 
7 .2 Lesson plan 
The aim of this exercise was to give learners opportunities to improve their timing 
control in Japanese with the aim that they would be able to perceive and produce the 
phonological distinction in similar ways to NS. 
The subjects were the ANU beginners who participated in the experiments 
described in Chapter 3 and 4. After introduction of the use of musical notations (see 
7.2.2), the pronunciation exercise was given to students. A classroom instructor read 
the examples in the text (Appendix 8.1) while students repeated after the instructor. In 
this lesson, acoustic-phonetic explanations such as 'make the duration of double 
consonants longer' were avoided. Some body actions (e.g. arm movements) were 
also used to encourage the participants to learn the prosodic characteristics of the 
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utterances. The Verbo-Tonal Method introduced in Roberge and Kimura (1990) is 
used as a reference for the types of body movements. 
After the practice exercise in the text, the instructor presented some sentences of 
familiar grammatical patterns, and instructed the students to practice the rhythm of the 
utterances. For example, 'rokuji ni okimasu' (I get up at six o'clock) was pronounced 
as 'roku-jini-oki-masu', based on the concept of bimoraic rhythm (Chapter 2).45 
To provide further individual practice, a Hypercard application was designed 
specificallyfor this project (Appendix 8.2). This Hypercard program, labelled 'Let's 
Learn Nihongo no Rizumu (Let's learn Japanese rhythm)', is used on a Macintosh 
computer. In this application, the user first clicks the sound button on the screen to 
hear a word. Two or three words are shown on the screen, and the user clicks one 
word he or she heard when the sound button was clicked. If the answer is correct, the 
user hears a 'clink-klank' sound and scores a point, and if it is incorrect, the whole 
computer screen scrolls down with a slowed down 'boing' sound. The correct and 
wrong answer button scripts are as follo~s: 
"Correct Answer" Button Script 
on mouseUp 
play "clink-klank" 
visual effect zoom open 
go this card 
end mouseUp 
"Wrong Answer" Button Script 
on mouseUp 
play "boing" 
visual effect shrink to bottom very slow 
go this card 
end mouseUp 
This twenty-page Hypercard stack took ten to fifteen minutes for each learner to 
use. 'Let's Learn Nihongo no Rizumu' can be used in a computer-lab as a group or 
used after the class for self study. 
Total time required for the pronunciation exercise is one hour. 
-1-5 The beginners told me that they found it difficult to treat 'ji (o'clock)' and 'ni (at)' as one unit 
(at the rhythmic level) due to the fact that there is a morpheme boundary between the two. It is 
common for beginners to pronounce the sentence with a pause between 'rokuji' and 'ni'. This is also 
because beginners are often unsure about the appropriate particle to be used in the sentence, and this 
hesitation leads to inappropriate rhythm (eg. rokuji (pause) ni (pause) okimasu). 
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rest 
are as 
I. .. ~ short e.g. CV in /ka te/ 
I long with no e.g. CVV in soo/ 
"' 
2. Crotchet 
3. rest ., first of in /ka Q tel 
lS to the moraic example, 
'heart' is quavers, the lS 
represented using high and low versions of the note, as 
/ko ro/ 
)l )l )l 
lS as a one lS on 
lS terms a 
musical convention of 'slur' is used to indicate where a pitch change occurs 
within a syllable. Thus, /hoN/ (syllable with moraic nasals) is represented as follows: 
/hoN ne/ 'true feeling' 
The notation used for /hoN/ is the equivalent of two quavers. By introducing this 
concept, a long syllable with a pitch change is still regarded as one unit rather than a 
sequence of two separate units. From the viewpoint of English-speaking learners of 
Japanese, especially at the beginning-level, the concept of mora is difficult to 
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understand and they are more familiar with the concept of syllables since English is a 
syllable-based language. In addition to making the situation easier for learners, the 
evidence of NS regarding long syllables as one unit (Nakajoo 1992; Sato 1994) also 
seems to support such a description. 
Finally, a quaver rest is used to indicate the first half of geminate stops.-+6 The 
reason for using the rest is that it symbolises silence in music and thus emphasises the 
importance of the silent period of stop closure. By introducing this concept, durational 
contrast is clearly represented: 
lka Q tel 'selfish' lka tel 'provision, food' 
)l ., 
7 .2.2 Use of minimal pairs 
Minimal pairs are used in the test. The sentences used as examples are made short 
and simple so that students can focus on the durational contrast. 
Stevick (1982:59) recommends the use of this technique for teaching of 
pronunciation as follows: 
After Mimicry-Memorization, the use of 'minimal pairs' is perhaps the most primitive technique for 
the teaching of pronunciation. And it is indeed a technique for 'teaching' in the narrow sense of 
promoting 'learning' (Chapter 3) but doing very little directly for 'acquisition'. Even if you are 
concentrating on acquisition, however, you can use minimal pair drills occasionally in order to 
sharpen your students' hearing of some of the sounds that they are in the process of acquiring. 
I am aware that there are some questions about the use of minimal pairs for teaching 
pronunciation (Ootsubo 1990), such as that minimal pairs usually have quite different 
46 A quaver rest is also used in the description of the first half of long fricative C2. Phonetically 
speaking, long fricatives such as [J] do not have a silent closure period, unlike stops. Instead, they 
have a continuous high frequency fricative noise. The description suggested here does not capture this 
phonetic reality for geminate fricatives since they are described in the same way as geminate stops. It 
is interesting, however, to note that many Japanese NS seem to regard all of the first part of geminate 
[p], [t], [k], U1 and [tJ1 as the same unit as mentioned in footnote 9. 
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meanings and thus do not tend to appear in the same context. It seems, however, that 
the use of minimal pairs is one systematic and efficient way of clearly demonstrating 
the importance of phonological distinctions by indicating the relationship between 
certain phonological contrasts and the corresponding differences in meaning. It is 
particularly important to increase learners' awareness on this matter at the very early 
stage of their learning, as discussed in the previous chapters. English-speaking 
learners of Japanese do not have the same phonological distinction in their L 1, and, as 
I have demonstrated, acquisition of the durational contrasts is a challenging task for 
learners. Therefore, it is necessary to give learners the opportunity to practice this 
aspect of Japanese phonology in the classroom. Without a formal instruction on the 
durational contrast, it seems difficult to achieve this goal. For example, a lesson based 
on the natural approach (Terrell 1977) may not necessarily give learners an 
opportunity to practice this important part of Japanese grammar. 
The lesson conducted in this section aims to increase learners' awareness of the 
importance of the durational contrast, and to facilitate formal learning rather than 
natural acquisition based on Ll. 
7.2.3 Order 
The presentation of the example is in the following order: minimal pairs in isolation 
(e.g. [tfizu] 'map': [tfiizu] 'cheese'); minimal pairs together joined by to 'and' (e.g. 
[tfizu to tfiizu] 'map and cheese'); simple sentence practice at the end of each example 
(e.g. Teeburu no ue ni [tfizu] ga arimasu. 'There is a map on the table.' Teeburu no 
ue ni [tfiizu] gaarimasu. 'There is some cheese on the table.') and combined sentence 
practice at the end of the groups. All examples are arranged in this sequence so that 
students can start from an easy level to a more complex and difficult level. 
The instructor reads out the examples in the given order, then the learners repeat 
each item. The instructor checks each student's pronunciation and makes sure that 
they can handle word-level production before they move to the sentence practice. 
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7.2.4 Style 
Sentence exercises are in either plain or -masu style. 
The target minimal pairs are within a similar sentence structure, for example: Tsukue 
no ue ni chizu ga arimasu. 'There is a map on the table.' Tsukue no ue ni chiizu ga 
arimasu. 'There is some cheese on the table.' This is so learners can focus on the 
difference between the main nouns: chizu and chiizu. 
7 .3 Perception 
The results obtained after the pronunciation practice sessions are termed ANU2, and 
are presented in the following section. ANU2 results are compared with ANU 1 results 
which are obtained in the first experiment before the lesson. 
Vowels 
CV07CV 
-
KA07fE_ RI07KA_ I07SO_ 
A.S 168% 186% 159% 
S.D 25% 23% 31% 
D.S 193% 191% 177% 
S.D 30% 31% 27% 
CV14CV 
-
KA14TE_ RI14KA 
-
Il4SO_ 
A.S 172% 192% 171% 
S.D 27% 21% 22% 
D.S 199% 206% 185% 
S.D 30% 28% 32% 
Obstruents 
CV07C_V KA07f_E RI07K_A I07S_O 
A.S 162% 154% 161% 
S.D 32% 40% 33% 
D.S 195% 193% 186% 
S.D 42% 44% 39% 
CVl4C V KA14T E RI14K_A 114S_O 
A.S 157% 157% 166% 
S.D 29% 36% 50% 
D.S 178% 194% 159% 
S.D 39% 38% 43% 
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Nasals 
CV07N_V K007M_A H007N E 
A.S 73% 79% 
S.D 11% 19% 
D.S 86% 79% 
S.D 11% 16% 
CV14N_V K014M_A H014N_E 
A.S 85% 74% 
S.D 21% 24% 
D.S 82% 76% 
S.D 13% 20% 
Table 7.1 Average Values -ANU2 
A.S: ascending series 
D.S: descending series 
S.D: standard deviation 
CV07CV KA07TE RI07KA 
T.V 181% 189% 
A.D 276.89 247.88 
CV14CV_ KA14TE Rll4KA 
T.V 186% 199% 
A.D 284.56 261.69 
CV07C_V KA07T_E RI07K_A 
T.V 179% 174% 
A.D 204.74 218.09 
CV14C_V KA14T_E Rll4K_A 
T.V 168% 176% 
A.D 192.12 220.60 
CV07N_V K007M_A H007N E 
T.V 79% 79% 
A.D 167.95 143.17 
CV14N V K014M A H014N E 
T.V 83% 75% 
A.D 176.46 135.90 
Table 7.2 Average Threshold Values - ANU2 
SA07N_A 
80% 
25% 
84% 
16% 
SA14N_A 
80% 
22% 
71% 
17% 
I07SO 
168% 
260.06 
Il4SO 
178% 
275.54 
I07S_O 
174% 
184.08 
114S_O 
163% 
172.41 
SA07N A 
82% 
133.09 
SA14N A 
76% 
123.29 
T. V: Average Threshold Values of ascending and descending series ( % ) 
A.D: Absolute Duration (msec) 
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N_A 
Fig.7.1 Graphs for perception by ANU247 
Ascending (black), Descending (white) 
220% 
200% ------0.-.._ 
----o 
KA07 
TE_ 
220% 
200% 
180% 
120% 
RI07 
KA_ 
--..... -....... _ 
----·----
I07 
so_ 
-'<> 
:::: !:.-- ~ 
100% .+------+------! 
KA14 
T_E 
100% 
RI14 
K_A 
Il4 
s_o 
::~:l 
80%e:- =--~--. --.· ~-----·---- ~ 
60%1 
40% ~--------1-----~ 
K014 
M_A 
H014 
N_E 
SA14 
N_A 
The results obtained before the lesson for the same data are indicated with dotted lines for 
comparison. 
47 X in the graphs shows where learners indicated a question mark before JND. Appendix 7.1 
shows the values for which question marks were indicated by ANU2 leamers. 
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7.3.1 Threshold values 
Threshold values obtained in ANU2 are still greater than those of NS. This means 
that the learners' perceptual target is still inaccurate, and that the duration of C2 and V2 
has to be longer to be perceived. as a long phoneme by ANU2 than by NS. 
Dependent t-tests were conducted to observe if the differences in the average 
threshold values before and after the lesson were significant (Appendix 7 .2). It was 
found that in most examples, the differences were not statistically significant. 
KA07T_E and I07S_O are the exception to this; threshold values after lesson have 
become significantly smaller than those before the lesson. 
These results imply that the lesson was effective in respect of modification of 
learners' perceptual targets only for KA07T_E and I07S_O, and that it cannot be said 
that the lesson was effective for all examples. 
7 .3.2 Ascending and descending series 
In ANU2, the distance between the ascending and descending series has generally 
become closer than in ANUl, which may be interpreted. as a reduction in the degree of 
uncertainty. In other words, the degree of perceptual categorization has improved after 
the lesson. This situation is particularly noticeable in examples with V2 and nasal C2. 
The differences between the ascending and descending series were not statistically 
significant in a number of examples; RI07KA_, RI14KA_, I07SO_, I14SO_, 
KA14T_E, I14S_O, K014M_A, H007N_E, H014N_E, SA07N_A and SA14N_A 
(see Appendix 7.3 for the t-test results). This differs from ANUl where the 
differences between the ascending and descending series were statistically significant 
in most examples. Thus ANU2 has much fewer examples in which the differences 
were significant by comparison with ANUl. These results imply that the amount of 
uncertainty has decreased. compared to those obtained before the lesson. 
The distance between the ascending and descending series in ANU2 has become 
smaller than in ANUl (for example, the perception of nasal C2 where the distance 
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between the two series in ANU2 is even smaller than that of NS), but is still greater 
than that of NS in respect of the obstruent C2. 
Generally speaking, the order of the ascending and descending series still shows the 
same tendency as ANUl, that is, the descending series has higher values than the 
ascending series. 
7 .3.3 Vl duration 
2-factor Anova results show that none of the examples with an expanded Vl 
duration had significantly greater threshold values than those with a shortened Vl 
duration in the ANU2 data (Appendix 7.4). This is similar to the results which were 
obtained in ANUl. 
7 .3.4 Discussion 
1. The differences in the threshold values are generally not statistically significant 
before or after the lesson, and therefore it can be concluded that the learners' . 
perceptual targets were not modified. It is thus not possible to say that the mechanism 
of learners' perception has become similar to that of NS after the lesson. 
2. The distance between the two series, on the other hand, became smaller, and a 
number of examples showed that the differences between the two series were not 
statistically significant. This may be interpreted as a reduction in the degree of 
uncertainty. In other words, the degree of learners' categorization has improved and in 
this respect, it can be said that the lesson was effective. 
3. Vl duration did not affect learners' judgment either before or after the lesson. 
It appears that learners' perception first becomes more categorical, and then the 
perceptual boundaries become similar to those of NS. These two processes do not 
seem to occur simultaneously. Additional evidence for this claim are the results 
obtained from the advanced learners' experiments (Chapter 4) and those obtained from 
the longitudinal study (Chapter 5). At the end of their one-year intensive course, the 
beginners' categorical perception had improved but their perceptual boundaries 
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showed no statistical change. On the other hand, advanced learners' perceptual 
boundaries shared more similarities with those of NS. Some reasons which may 
account for the above results are: 
1. The beginning to intermediate level learners were not yet in the acquisitional 
stage (Pienemann 1985) of NS perceptual boundaries. When this experiment was 
conducted, they were in an acquisitional stage in which they were able to improve 
their degree of categorical perception, but not reach the NS norm of perceptual 
boundaries. This assumption is based on the finding that the acquisition of a higher 
degree of categorization precedes that of NS perceptual boundaries. If this is the case, 
it is worth investigating the details of intermediate to advanced level learners in order 
to find out when learners reach the acquisitional stage of NS perceptual boundaries. 
2. The time spent for the lesson was not sufficient to achieve the expected results. 
If additional lessons had been conducted and the learners given opportunities for more 
practice, they may have improved both degree of categorization and their perceptual 
boundaries. The relationship between time spent-in class on pronunciation exercises 
and the acquisition of perceptual boundaries needs further research. 
7 .4 Production 
My auditory impression of the speech production of ANU2 is shown in Appendix 
7.5. The average values are presented in Appendix 7.6, and the average figures of 
ANU2 are shown below. 
ANU2 Average (1) 
0.00 200.00 400.00 
msec 
600.00 
I 
800.00 
• C1 D V1 II C2 • \Gr D V2 
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• • • 
0.00 200.00 400.00 600.00 
• • • 
Fig.7.2 ANU2 average 
7.4.1 Word-duration 
SERIES RATIO 
. . 
" 100:123:152 
rika/rikka/rika 100:130:160 
iso/isso/isoo 100: 134: 170 
koma/komma 100:170 
hone/honne 100:161 
sana/sanna 100:129 
~irnlsanirn 100:141 
Table 7.3 Word duration (ratio) 
Average: ANU2 
In ANUl, it was found that underdifferentiation of word duration between two-
and three-mora expressions was a common problem for beginning learners. The 
ANU2 data obtained after the pronunciation practice demonstrate the following 
tendencies: 
1. The problem of underdifferentiation has diminished. This is particularly so for 
words with a nasal C2. The ratios of differentiation for the KOMA, HONE, SAGA 
(saua/sauua) and (saga/sanga) series were 100:122, 100:119, 100:98 and 100:99 
respectively in ANUl. In ANU2, they have become 100:170, 100:161, 100:129 and 
100:141(Table7.3). From the viewpoint of clear differentiation, ANU2 data may be 
regarded as showing improvement. Interestingly, when these results were compared 
to NS results, it was found that the durational contrasts were overexaggerated. The 
corresponding ratios of NS are: 100:140 (KOMA), 100:150 (HONE) and 100:129 
(SAGA). This means that when the learners try to improve their timing control, they 
may overshoot the NS target and overexaggerate the durational contrast 
2. With regard to words with an obstruent C2, it was found that the degree of 
differentiation was often different between CVCCV and CVCVV, being greater in 
CVCVV than CVCCV. This implies that a greater degree of overdifferentiation is 
associated with the word-final V2 (CVCVV) than the intervocalic C2 (CVCCV) (see 
below concerning long/short contrast). 
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a 
structure 
some 
ANU2 results comparison.) 
NPl, 
0.0 200.0 
was too 
400.0 
msec 
600.0 
• C1 V1 • C2 • \OT ffi] 
(Fig.4.18 ANUl NP kate/katte/katee) 
in comparison 
to 
800.0 
two-
msec 
msec 
I • Cl D V1 • C2 • \OT 1!!11 V2 
Fig.7.4 ANU2 BM rika/rikka/rikaa 
msec 
msec 
I • c1 D v1 • c2 • v2 I 
(Fig.4.21 ANUl NP hone/honne) 
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rnsec 
I • c1 0 v1 • c2 • v2 I 
Fig. 7. 7 ANU2 LB hone/honne 
sanga 
0.0 200.0 400.0 600.0 
msec 
I • C1 D V1 • 0 • V2 
(Fig.4.23 ANUl LB saga/sanga) 
sanga 
0.0 200.0 400.0 600.0 
msec 
i •c1 Dv1 •u •v2 
Fig.7 .8 ANU2 LB saga/sanga 
800.0 
800.0 
The word-level durational contrast between two- and three-mora expressions is 
overexaggerated by some speakers after the lesson. For example, none of the three-
mora expressions with a nasal C2 was significantly longer than the corresponding 
two-mora expressions in BDl. In BD2, however, the duration of the three-mora 
expressions is overexaggerated and the difference between the two- and three-mora 
expressions is much greater than NS. PF 1/2 also show a similar tendency. 
Interestingly, following the lesson, the duration of the first syllable in two-mora 
expressions for some students tended to be shorter than that of the first syllable in 
three-mora expressions. To my ear, some speakers sounded as if they were trying to 
produce two-mora expressions 'faster' than the corresponding three-mora 
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one 
msec 
honne 
hone 
0.0 200.0 400.0 600.0 
msec 
I • c1 D v1 • c2 • v2 I 
(Fig.4.25 ANUl BD hone/honne) 
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to 
800.0 
msec 
msec 
msec 
I • C1 0 V1 • g • g ml V2 
Fig. 7 .11 ANU2 BD saga/sanga 
msec 
• • 
koma/komma) 
msec 
msec 
I • c1 D v1 • c2 • v2 I 
(Fig.4.28 ANUl PF hone/honne) 
600.0 
sangs 
saJ8. 
0.0 
• 
200.0 
msec 
• 
msec 
400.0 
msec 
• 
• C1 D V1 • 0 • V2 
Fig.7.14 ANU2 PF saga/sanga 
800.0 
In Chapter 4, it was found that some learners used different sounds, [g] and [o], 
order to distinguish the two- and three-mora expressions in the SAGA series rather 
than manipulating the segmental duration to produce the appropriate durational 
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contrasts with the same sound. After the lesson, some improvements were observed 
in the durational contrasts of these learners' speech as shown below. 
sanga 
saga 
0.0 200.0 400.0 600.0 800.0 
rnsec 
I • C1 D V1 • 0 • g 11111 V2 
(Fig.4.39 ANUl NP saga/sanga) 
sanga 
saga 
0.0 200.0 400.0 600.0 800.0 
rnsec 
I • C1 D V1 • 0 • g 11111 V2 
Fig.7.15 ANU2 NP saga/sanga 
sanga 
saga 
0.0 200.0 400.0 600.0 800.0 
rnsec 
I • C1 D V1 • 0 • g lilll V2 
(Fig.4.40 ANUl BD saga/sanga) 
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1 to 
examples also show are 
contrast was 
"'A"'U.,_,,...,.,..,.A is 
and can be regarded as an improvement. comparison 
NS (42:100:39, 39:100:37 and 48:100:49 respectively), however, the 
contrast for the obsttuent C2 is still underdifferentiated. 
It was found in ANUl that the learners tended to differentiate the duration of word-
final V2 more clearly than that of intervocalic C2. This tendency is even more 
exaggerated in ANU2. As a result, the long/short contrast V2 in ANU2 has 
become more distinctive than in NS (i.e. overexaggeration). 
is 1 , , 
1 
3 katee 
4 rib 54 
5 rildra 100 
6rikaa 59 
7 iso 
8 isso 40 
9 isoo 100 
Individual subjects' ratios for long/short contrasts are presented in Appendix 
In Chapter it was found that the main causes underdiff erentiation were shorter 
duration of geminate C2, and longer duration of single In ANU2, the former is no 
longer a problem; the latter also showed some improvement in the following examples 
(the auditory impression of these examples has also improved): 
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katee ::~, 
0.0 200.0 400.0 600.0 
msec 
I • C1 D V1 • C2 • \Of 11111 V2 
(Fig.4.31 ANUl LD kate/katte/katee) 
I 
800.0 
600.0 800.0 
msec 
I • C1 D V1 • C2 • \Of 11111 V2 
Fig.7 .17 ANU2 LD kate/katte/katee 
rikaa 
rikka 
rika -=~~=~=::::::=~---+---~ 
0.0 200.0 400.0 600.0 800.0 
msec 
I • C1 D V1 • C2 • \Of liiilv2 
(Fig.4.32 ANUl PF rika/rikka/rikaa) 
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msec 
• • • 
0.0 200.0 400.0 
I •v1 D C2 Bv2 
Fig. 7 .19 ANU2 NP iso/isso/isoo 
800.0 
It is important to note that the problem associated with longer duration of single C2 
appeared to be more difficult to overcome than that with shorter duration of geminate 
The problem is still evident in LD2 (RIK.A and ISO series) and LB2 (RIKA 
way 
is 
corresponding 
once these nercenru 
terms 
to 
seems more 
is 
more 
is 
new which after was overexaggeration 
not 
to 
duration of geminate C2. For example, the differentiation of the long/short contrast in 
BD2 (25/100/26) in the KAIB series and (24/100/30) in the RIKA series is more 
distinctive than in NS (42/100/39 in the KAIB series and 39/100/37 in the RIKA 
series). These ratios show an improvement over those obtained ANUl (BDl 
109/100/35 and KLl 66/100/65 in the corresponding examples), and learners' 
pronunciation in ANU2 gave a better auditory impression to an NS. 
1 
msec 
msec 
NP koma/komma 
honne 
hone 
0.0 200.0 400.0 600.0 
I • c1 0 v1 • c2 • v2 I 
(Fig.435 ANUl NP hone/honne) 
800.0 
msec 
I • c1 D v1 • c2 • v2 I 
Fig.7.22 ANU2 LB hone/honne 
243 
0.0 200.0 400.0 600.0 
msec 
I • C1 D V1 • u • V2 
(Fig.4.37 ANUl NB saga/sanga) 
0.0 200.0 400.0 600.0 
msec 
I • C1 D V1 • u • V2 
Fig.7.23 ANU2 NB saga/sanga 
Vowels 
Average: ANU2 
The average ratios of V2 were generally more clearly differentiated in ANU2 
(45:58:100, 41:41:100 and 39:40:100) than those of C2 in ANUl (48:58:100, 
50:53:100 and 49:55:100) (KATE, RIKA and ISO series respectively). 
As a result, the rate of differentiation in the V2 ratios of the RIKA and ISO series 
has become greater than for NS (47:44:100, 49:46:100 and 44:42:100). 
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series. 
1 
series were 2.46:3.06:2.20 in the ANUl data and 1 
were: 
was an 
was common 
series. 
a to 
RIK.A 
1.86 in ANU2 (see Table 
7.5 below). Consequently the differences in the ratios between single and geminate 
C2 are greater. The overall ratios, however, are still greater than the corresponding 
NS data (1.31:2.82:1.13). This means that the duration of is still longer in 
relation to that of the Vl in learners' speech than NS speech. 
ANUl, it was found that the duration of the short was too long in relation to 
that of the 1 (especially words with an LH pitch pattern). example, the 
average V2Nl ratios for the ISO series were 2. 1.95:3.94 in the ANUl data and 
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1 
to 
( 1 
C2 1 
I Irate 
2 lratte 2.97 1.73 
3 katee 1.91 4.49 
1.94 1.89 
5 riklra 3.82 2.00 
6 rikaa 1.86 3.99 
1.86 
1.48 
4.37 
Individuals: 
Appendix demonstrates individual ratios following figures 
illustrate individual improvements. 
msec 
msec 
600.0 800.0 
msec 
I • C1 D V1 • C2 • \OT [I V2 
(Fig.4.46 ANUl NB rika/rikka/rikaa) 
msec 
msec 
msec 
I • V1 D C2 • V2 I 
Fig. 7 .26 ANU2 PF iso/isso/isoo 
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600.0 
komma 
koma 
0.0 200.0 400.0 600.0 
msec 
I •c1 Dv1 •C2 •v2 I 
(Fig.4.41 ANUl BMkoma/komma) 
komma 
koma 
800.0 
0.0 200.0 400.0 600.0 800.0 1000.0 
msec 
I •c1 Dv1 •c2 •v2 I 
Fig.7 .27 ANU2 BM koma/komma 
The problem caused by the longer duration of Vl before a geminate C2 is eased 
after the pronunciation exercises as shown in Fig.7.24-27: BSl pronounced a long Vl 
in [katte], NBl in [rikka], PFl in [isso] and BMl in [komma] before the lesson, but 
all showed some improvement after the lesson. We can thus say that longer duration 
of Vl before a geminate C2 is a common problem for beginning-level learners, which 
can be improved by introducing some pronunciation lessons which focus on timing 
control. 
Subjects who did not clearly differentiate the C2Nl ratios of RIKA series in ANUl 
such as KLl (2.90:3.45:2.26) and PFl (3.13:5.29:5.21) showed some improvement 
in the corresponding ratios in ANU2: KL2 (1.65:6.86:2.11) and PF2 
(3.81:8.05:2.89). Clear differentiation can now be observed in the ratios after the 
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contrast. were 
some 
was 
were aware the 
two-mora 
to 
contrast 
on structure 
utterances. It was 
contrast 
tests to tests 
words 
production test (Chapter 
Aims 
In the previous section. the acoustic-phonetic details of learners' speech production 
were compared before and after the lesson, and it was claimed that various aspects of 
their speech production more closely approximated the NS norm. 
The purpose of this chapter is to examine learners' perception of their own speech 
production. whether learners could identify which words they had attempted to 
to 
one 
The other"'"""'"'""'' 
It was 
are VVA-UjJ< .... V .... 
test is to investigate extent to 
to ...... ..,"", "'"'' 
after lesson. 
the changes 
production the pronunciation lesson ,....,,.,.... .. ,. .. ,.,.,. 
judgment ieairne:rs ,_,,,,..,,.,, ..... .,A ..... ..,. ... It is not to 
were to to own 
before a geminate C2 the KA TE, 
series (BM); shorter duration of a geminate the ISO series (BD); and 
duration of a single 
Six NS subjects are from the same group of subjects who participated in 
experiments discussed Chapter 3 and 4. 
7 .5.3 Procedure 
The words recorded in production test 1 (Appendix 4.2) were randomised and 
recorded onto a cassette tape. The learners were asked to listen to their own recording 
1 
one 
atte~mti1ted to ..... "''""'"~'·"" 
as 
on answer 
test L utterances were ...,. ... ,..,..~,,... 
were also 
one 
to 
This case is considered as 
long V2 instead of a short 
are 
-> 
-> 
-> 
-> 
a to 
word speaker was to 
where NS thought there was a 
The errors related to the duration of consonants ( 1 and were plotted on the plus 
side of the X axis, while those related to the duration of vowels (3 and was plotted 
on the minus side of the X axis. Additionally, 'not sure' is plotted onto the plus side 
of the X axis. The errors were plotted separately when two types of errors occur in 
one example (e.g. two errors in [rikaa] -> [rikka] were plotted separately as category 1 
([k] -> [kk]) and category 3 -> [aa])). 
-50% 
-100% -50% 
tests 
sang a 
saga 
Fig.7.29 BDl (self-judgment) 
50%. 
• S->L(C2) 
0% 50% 100% 
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-100% -50% 
sanga J 
saga•••••••• 
home I 
hone ·-k omma I 
koma•••••I 
isoo 
isso --lm!Sll!'llBI 
iso••• 
. -
rikaa 
rikka 
rika•••••I 
. -katee 
katte 
·-kate . 
0% 50% 100% 
Fig.7.30 LDl (self-judgment) 
IIlJ Not sure 
D L->S(V2) 
CJ S->L(V2) 
!I L->S(C2) 
• S->L(C2) 
Firstly, the results of BMl and BDl are similar in that their errors are 
bidimensional: misjudgment occur in both directions of Long-> Short (in CV CCV) 
and Short -> Long (in CVCV) in these subjects' results. Also, the misjudgment seems 
to occur in both vowels and consonants. In both BMl and BDl, however, the number 
of errors related to the duration of consonants (e.g. [kate] -> [katte], [isso] -> [iso]) is 
greater than those related to the duration of vowels (e.g. [rikaa] -> [rika]). 
On the other hand, LD's results are rather unidimensional: All her errors are related 
to Short-> Long in C2 except for [isso]. There is no error related to the duration of 
V2. For these reasons, it appears that LDl 's results are more consistent, and she was 
able to identify her own pronunciation more accurately than BMl and BDl could 
identify theirs. 
In Chapter 4, BMl 's speech was described as having a long V 1 before the 
geminate stop C2 in [katte] and [rikka]. Also, it was observed that in [honne], the 
duration of the V2 was longer. It was claimed that realization of the durational contrast 
of the nasal C2 tended to be conditioned py pitch patterns: when the pitch pattern was 
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HL (e.g. KOMA series), it was realized in terms of the duration of the Vl, and when 
the pitch pattern was LH (e.g. HONE series), in terms of the duration of the V2. 
From the results obtained in the BM's identification test, however, it is impossible 
to say that 8Ml always used these features as phonetic cues to identify which words 
she had attempted to pronounce. With regard to words with an obstruent C2, she 
could not correctly identify examples of CVCCV (e.g. [rikka] -> [rika], [isso] -> 
[iso]), which means that she did not interpret a longer duration of Vl as a cue for a 
geminate C2 (see Fig.7.28). 
On the other hand, the correct rate of 8Ml's identification of words with a nasal 
C2 is 66%. This is comparatively high and is a much better result than NS-judgment 
of 8Ml (see below for NS judgment). With regard to the nasal C2, there is only a 
two-way contrast (e.g. koma/komma), while there is a three-way contrast in words 
with an obstruent C2 (e.g. kate/katte/katee). Therefore, the self-identification of words 
with a nasal C2 may have been easier than that of words with an obstruent C2. For 
example, 8M's pronunciation of the HONE series was [hone/bonee] (instead of 
[hone/honne ]), and yet was identified correctly by this speaker. Another reason for the 
high identification rate of the SAGA series was because she distinguished these words 
using [g] and [g]. 
In Chapter 4, 801 produced a shorter duration of the geminate C2 in the ISO 
series. 801 's self-judgment of the ISO series in this experiment was not accurate: 
none of the examples of [iso] and [isso] was correctly identified. Also, a number of 
errors are related to Short-> Long C2 in CVCV sequences (e.g. [kate], [iso] and 
[bone]) in 8Dl's results. Additionally, 801 had several 'not sure' responses in her 
answers, and so it is not possible to say that her self-identification was successful. 
LO 1 was said to have had a longer duration of the single C2 in Chapter 4. In LO 1 's 
self-judgment, Short -> Long in the C2 was the most common misjudgment, 
especially for words with a nasal C2; the same problem can be observed in the words 
with an obstruent C2 (e.g. [rika]), but to a lesser extent. Two-thirds of the examples 
with an obstruent C2 were correctly identified. It is interesting that LDl was able to 
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recognize the longer duration of a single obstruent C2 as a single C2 with an accuracy 
of 70% although she could not distinguish the durational contrast in words with a 
nasal C2. 
NS- 'ud ment 
-100% -50% 0% 
Fig.7.31 BMl (NS-judgment) 
-100% -50% 0% 
Fig.7.32 BDl (NS-judgment) 
50%. 
50% 
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100% 
100% 
IIll Not sure 
D L->S(V2) 
CJ S->L(V2} 
£t L->S(C2) 
• S->L(C2} 
IIll Not sure 
D L->S(V2) 
D S->L(V2) 
B L->S(C2) 
• S->L(C2) 
-100% -50% 0% 
Fig.7.33 LDl (NS-judgment) 
50% 100% 
IIll Not sure 
D L->S(V2) 
CJ S->L(V2) 
II L->S(C2) 
• S->L(C2) 
The number of misjudgments concerning learners' pronunciation by NS was much 
greater than that by the learners. The results of NS-judgment also contained a number 
of 'not sure' responses, probably due to the fact that the learners' pronunciation 
frequently did not fit in any of CVCV, CVCVV and CVCCV (e.g. [rikaa] pronounced 
as [rikkaa] etc). 
It is interesting to note that the number of NS misjudgments concerning LDl was 
much greater than LDl's own self-judgment LDl's misjudgment was quite consistent 
in that all errors were related to consonant duration, amongst which Short -> Long in 
C2 was the most common. In NS judgments, there were a number of 'not sure' 
responses. Also, some misjudgments were related to the duration of V2 in LO l. 
These results show that NS listeners did not identify LDl's pronunciation as well as 
LO 1 identified it herself. 
Additionally, some discrepancies between the judgments of NS and learners were 
observed. For example, all examples in the KA TE series were identified correctly by 
LDl, but NS treated a single C2 as long (e.g. [kate] -> [katte]). The average 
long/short ratios were 42: 100:39 for NS while they were 81: 100:87 for LDl. Thus all 
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C2 in LD's KA TE series were too long to be regarded as a single C2 by NS since they 
were also beyond NS perceptual boundary for a single C2 and therefore were 
identified as a geminate C2. Interestingly, however, LDl correctly identified single 
and geminate C2 using her own perceptual boundary. There may also be some other 
linguistic cues besides the duration of C2 which played a role in the discrimination of 
long/short contrasts by this speaker. 
Similarly, in NS judgments of BDl, both [rika] and [rikaa] were perceived as 
having a long C2. Interestingly, BD 1 did not consider them to be long in her 
judgment. BDl's ratios for the long/short contrast of C2 are 81:100:72, while they are 
39: 100:37 for NS. This provides another example of how differences in the perceptual 
boundary affect speech production of the learners as well as the perceptual judgment 
of both NS and learners in the present study. 
7 .5.5 Identification tests after the lesson 
The following figures show the results of the identification tests after the lesson for 
learners and NS. 
-100% -50% 
sanga 
saga 
home 
hone 
komma 
koma 
isoo 
0% 
Fig.7.34 BM2 (self-judgment) 
50% 
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100% 
IID Not sure 
D L->S(V2) 
D S->L(V2} 
P.I L->S(C2) 
• S->L(C2} 
-100% -50% 
sanga 
saga 
honne 
hone 
komma 
koma 
isoo 
isso mmm 
iso 
0% 
Fig.7.35 BD2 (self-judgment) 
-
sanga .... 
saga 
home 
. -
hone 
komma 
.. 
koma 
-isoo 
-isso 
. 
iso 
rikaa 
.... 
rikka 
rika 
.... 
katee 
katte 
.... 
. kate 
' 
-100% -50% 0% 
Fig.7.36 LD2 (self-judgment) 
50% 100% 
50% 100% 
ml Not sure 
D l->S(V2) 
CJ S->l(V2) 
m L->S(C2) 
• S->l(C2) 
IIIl Not sure 
D l->S(V2) 
D 5->l(V2) 
m l->S(C2) 
• S->l(C2) 
The total degree of misjudgment decreased compared to the results obtained before 
the lesson, especially the detection rate of words with a nasal C2, which reached 
100% for all learners. For LD2, the only error was [isso] -> [iso] and the rest of the 
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examples were correctly identified. Therefore, it can be said that the learners' self-
judgment was improved after the pronunciation lesson. 
NS- 'ud ment 
-100% -50% 0% 
Fig.7 .37 BM2 (NS-judgment) 
sang a 
-100% -50% 0% 
Fig.7.38 BD2 (NS-judgment) 
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50% 100% 
50% 100% 
[DJ Not sure 
D L->S(V2) 
CJ S->L(V2) 
I.I L->S(C2) 
• 5->L(C2) 
[DJ Not sure 
D L->S(V2) 
D S->L(V2) 
Ii L->S(C2) 
• S->L(C2) 
-100% -50% 100% 
same as some discrepancies were 
between NS and the learners' judgment. 
As discussed above, one of the major causes of these discrepancies to 
differences in the perceptual boundaries between NS and learners, since learners' 
perceptual boundaries have not been modified after the lesson (see 7 3). 
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were not to 
the 
a 
learners could identify 
higher rate correct 
own as 
not 
was 
..,ACU:U!.•A..,., were 
"'"""'~"u'"'"" an utterance as 
a 
judgment was observed. The greater 
allowed them to correctly identify their single 
as a 
rate correct 
.. .,. ........ , . .,, perceptual 
(even with a longer duration), 
NS did not successfully identify as single since the values 
perceptual category of geminate C2 for NS. 
In summary, the teaching strategy applied in the lesson can be considered as 
effective because both NS and learners' judgment showed improvement after the 
lesson. The results obtained in this section, however, demonstrate that NS could not 
identify the learners' pronunciation as accurately as learners themselves after the 
lesson. This aspect the results is not satisfactory because the lesson can only be 
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as 
more 
categorization 
to ~~·~·.,·-
learning. 
In terms 
can 
tp•~~UM'8A'-.IUW<VU is UU'Ll•'-'A" 
was to 
beginners to a ;JU.ICU ....... 
was not 
to 
contact 
a matter 
course (see ~···~.,··~· 
was 
nec~ae:a to 
and a ............ ,, .. ""' -~+ .. ~,,.. 
speech production, some improvement was observed 
to 
were 
terms 
making clear durational contrasts. Some learners' strategies to achieve this goal were 
interesting: for example, some learners applied the strategy of speaking fast 
changing the speech tempo) in two-mora expressions so that they could make a clear 
contrast in word duration between two- and three-mora expressions. 
Overexaggeration of the duration of long phonemes was another common strategy. 
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Finally, learners' improvement after the lesson can also be seen in the judgment 
test The results were better than those obtained before the lesson, but NS judgments 
of learners' speech production were not as good as learners' self-judgment. The 
effectiveness of the lesson, therefore, was not satisfactory in this respect. 
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Chapter 8 Conclusion 
This study has investigated various aspects of the acquisition of Japanese timing 
organization from the viewpoint of English-Japanese IL phonology. 
In order to examine the processes which are involved in the formation of English-
Japanese IL phonology, acoustically-based investigations of both perception and 
production were conducted with learners at various proficiency levels. The following 
processes were found to be operative: 
1. Overexaggeration 
One of the most interesting findings was that overexaggeration was a common 
strategy for both geminate stop C2 and long V2 in order to make the durational 
contrast, not only in the speech production of beginning learners, but also in that of 
advanced learners. It was found that the cause of underdiff erentiation was often due to 
the longer duration of a single C2 rather than the shorter duration of a geminate C2, 
and as a result, the duration of the gemin:ated C2 had to be overexaggerated in order to 
make the durational contrast (Chapter 3). Therefore it can be said that the common 
assumption of underdiff erentiation due to shorter duration of geminate stops (Han 
1992) does not give the full picture in respect of learners' problems. In one speaker's 
speech production in the longitudinal study (Chapter 5), it was found that the 
tendency for overexaggeration gradually become more pronounced during the year's 
observation. 
The implication of this result for the teaching situation is that it is important for 
instructors to emphasise the appropriate timing control for learners rather than just 
focussing on making a clear differentiation of the phonological durational contrast. If 
instructors conduct pronunciation practice in which the focus is merely on making a 
clear differentiation, they may be replacing the problem of learners' overexaggeration 
of the durational contrast with another, that of underdiff erentiation. Overexaggeration 
will also make learners' speech dissimilar to NS norms and therefore sound 
unnatural. 
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2. Syllable modification strategies 
A unique syllable modification strategy was identified in both cross-sectional and 
longitudinal observations: it was found that the duration of Vl was prolonged only 
before a geminate C2. This finding is particularly interesting from the viewpoint of IL 
syllable structure; it seems that learners have Ll interference from the CVC-syllable 
structure of English, and that their implementation strategies for achieving the 
phonological contrasts are quite different from those of NS. This example 
demonstrated that learners were successful in making the distinction between single 
and geminate C2 in their own way, although their phonetic realization differed from 
the NS norm. Similarly, the interpretation of CVCCV sequences as CVC#CV was 
also found as a learner strategy, which supports the claim that unit of segmentation is 
largely determined by Ll (Mehler et al. 1981; Cutler et al. 1983, 1986; Otake et al. 
1993). In this case, learners who applied this strategy successfully produced long 
duration for geminate C2 although they were using a segmentation unit which was 
different from that of NS. 
3. L 1 transfer 
Ll transfer was operative in the learners' IL syllable structure and it was also 
found that a longer duration of VOT was always associated with the speech 
production of beginning learners. These results provide support for the weak version 
of CAH, which claims that learners' Ll influences the acquisition of the phonology of 
their L2. It was found that this problem was less prominent in advanced learners' 
speech production and thus supports the claim that Ll transfer is more common in 
beginning learners than in intermediate or advanced learners (Major 1987). 
4. Phonetic approximation 
Although a longer duration of VOT was associated with the speech production of 
beginning learners as a result of Ll interference, it was found that this situation was 
different in the VOT of advanced learners' speech production. In fact, their VOT was 
intermediate between English and Japanese, and this provided a good example of 
phonetic approximation. In both cross-sectional and longitudinal data, it was found 
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not to same extent as 
the of 
beginning learners' speech 
what has been as a 'phonetic 
speech production of beginning learners, who have not 
of the 
were 
as 
we can 
acquired 
it cannot account 
relative does 
but not with that of beginners. other words, it is developmental, 
were at an 
to 
that 
to 
phonology 
occurs 
to 
not universal. 
What is found to be universal, instead, is the fact that both the speech production and 
perception of L2 leamers are developmental and systematic. There has been very little 
previous study concerning the interrelation between the degrees of acquisition of the 
phonology of a L2 and universal phonetics at different proficiency levels. This is an 
area certainly worth investigating for its likely contribution to the theory of universal 
phonetics and SLA. 
The above processes were found to be operative the shaping of phonology 
through cross-sectional and longitudinal investigations of the speech production of 
at 
were target language. 
are 
own 
norm 
contrast 
For language above findings suggest it is to 
pronunciation practice 
very early students' Japanese 
were 
was 
own patterns, 
already existing L l 
are to 
so 
focuses on appropriate durational contrast 
experience. Once learners construct 
stage. 
3). 
it 
more accurate 
duration 
geminate stop C2 and word-final V2 was therefore longer than that of NS. This 
has shown that the hypothesis of equivalence classification (Flege 1987d), which was 
originally applied to categorization of the level of phonetic types, may be extended to 
larger units such as a CVCV sequence or a word. The learners' inaccurate 
categorization of the perceptual targets of the CVCV sequence seems to be related to 
the problem of a longer duration for a single stop C2 in learners' speech production. It 
seems that the learners' inaccurate perceptual targets could account for some problems 
in their speech production. 
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was reverse 
as 
(i.e. as as 
~--·~· .. ~·contrast is 
It is a common assumption the most 
judgment of geminate stops. An unexpected finding of this study was more 
problems are perceptual judgment of 
A 
us to 
a lS a 
was to 
classroom experiments were conducted to test 
facilitate natural processes of After pronunciation lesson, some 
improvement was observed in the learners' speech production and it could be said that 
instruction facilitated the acquisition process of timing control. Perception, on the 
other hand, did not show any improvement in terms of the threshold values (i.e. the 
duration required for the perception of geminate C2 and long V2). The only observed 
improvement was that the learners' perceptual judgment involved less uncertainty after 
the pronunciation lesson (i.e. it became more categorical). The difficulties involved in 
perception which were identified in this study suggest that more listening practice 
be to 
not 
stages were not 
DFAT3 NS, 
advanced-level learners (Chapter values to those of NS 
respect the word-final V2 and intervocalic question is to 
change takes 
area is to at 
ton""'""''"" 
not 
to a more 
The area investigation is an assessment 
effectiveness of different teaching methodologies 
perception. The present study found that both the learners' pronunciation and the 
evaluation of performance by NS could be improved by instruction. It was 
found, however, that certain aspects of perception did not improve to same degree 
as speech production. To the best of my knowledge, no previous studies appear to 
provide any comparative investigations on the effectiveness of various exercises to 
facilitate the acquisition process of perception in Japanese timing organization. 
These areas are certainly worthy of investigation for their likely contribution to 
theories of language teaching methodology. 
on cassette 
descending 
3.7Vl Beginners 
Appendix 3.8 Question indicated by Advanced 
Appendix 3.9 NS/Advanced (perceptual boundary) 
Appendix 3. descending series-
Appendix learners 
Appendix 4.8 Average Values- Advanced 
Appendix 5.1 Ascending and descending series- DFAT1 
Appendix 5.2 Vl duration- DFATl 
Appendix 5.3 Question marks indicated by DFAT2 
Appendix 5.4 Ascending and descending series- DFAT2 
Appendix 5.5 Vl duration- DFAT2 
Appendix 5.6 Question marks indicated by DFAT3 
-1-8 One tone is assigned to each mora in the auditory description of pitch patterns. 
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1 
impression- DFAT2 
Appendix Average values-
Appendix 6.8 Word duration ratios- DFAT2 
Appendix 6.9 Long/short contrast ratios- DFA T2 
l 1 
14 
15 
1 
Appendix Perceptual ANU1/ANU2 
2 
Appendix 7.3 Ascending and descending series- Beginners 2 
Appendix 7.4 Vl duration- Beginners 2 
Appendix 7.5 Auditory impression- Beginners 2 
Appendix 7.6 Average values- Beginners 2 
Appendix 7.7 Word duration ratios- Beginners 2 
Appendix 7.8 Long/short contrast ratios- Beginners 2 
Appendix 7.9 C2/Vl and V2/Vl ratios- Beginners 2 
-1-9 Appendix 5.7 and 7.2 are dependent t-tests since the comparison is made within the same group 
(ie. DFA T learners at the beginning and end of the year, and ANU beginners before and after the 
pronunciation lesson respectively). All other t-tests are independent t-tests since the comparison is 
made between different groups. 
272 
A nmm.dix 3.1 Order of words p1 __ _:-it~d on r~ssette taoe 
DF.TAll ~ !i£E.S. I END ~ I 
C1VlClV2 
l SA07N A 1 151 20% D 
2 KA14TE 14 320% 60% D 
3 RI07K A 16 360% D 
K014M A 14 20% 150% 
5 H007N E 14 150% 20% D 
6 KA14T E 16 360% 60% D 
7 n4s·o 14 320% 60% D 
I07SO 14 320% 60% D 
~ RI14KA 14 320% 60% D 
--- D 
11 ""'"' 
12 ""'"' 
-
RI14K A 14 I 320% 60% I D 
I 16 H007N E 13 30% 150% A 
I 17 RI14KA 16 60% 360% A 
18 I14S 0 14 100% 360% A 
19 K014M A 13 140% 20% D 
20 RI07K A 14 100% 360% A 
21 H014N E 13 140% 20% D 
22 RI07KA 16 60% 360% A 
23 Il4SO 16 (,()% 3(,()% A 
24 KA07f E 14 100% 3(,()% A 
25 SA14N A 13 140% 20% D 
26 KA14TE 14 lOOo/o 360o/o A 
27 I07S 0 14 320% (,()% D 
28 I07SO 14 100% 3(,()% A 
29 RU4K A 16 60% 360% A 
30 KA07T E 14 320% 60% D 
31 RI07KA 16 360% 60% D 
32 SA07N A 14 20% 150% A 
33 I07S_O 14 100% 360% A 
34 K007M A 14 150% 20% D 
35 KA07TE 14 100% 360% A 
36 H014N E 14 20% 150% D 
SIDE B 
37 RI07K A 16 00% 360% A 
38 KA14T E 14 320% 00% D 
39 RI14KA 14 100% 360% A 
40 SA07N A 13 140% 20% D 
41 I07SO 16 360% 60% D 
42 I07S 0 16 360% 60% D 
43 H014N E 14 150% 20% D 
44 K007M A 13 140% 20% D 
45 KA07TE 16 60% 360% A 
46 KA14TE 16 360% 00% D 
47 RI07KA 14 320% 00% D 
48 I14SO 14 100% 300% A 
49 Il4S 0 16 360% 60% D 
50 H007N E 14 20% 150% A 
51 SA14N A 14 150% 20% D 
52 KA14T E 14 100% 360% A 
53 RI14K A 16 360% 60% D 
54 K014M A 14 150% 20% D 
55 I07SO_ 16 60% 360% A 
56 KA14TE 16 60% 360% A 
57 RI14K A 14 100% 300% A 
58 K014M_A 13 30% 150% A 
59 114S 0 16 60% 300% A 
60 SA14N A 13 30% 150% A 
61 RI07KA 14 100% 360% A 
62 H014N E 13 30% 150% A 
63 KA07T E 16 360% 60% D 
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64 K007M_A 13 
65 I07S 0 16 
66 H007N E 13 
67 I14SO 16 
68 KA071'E 16 
69 KAOTI' E 16 
70 RI14KA 16 
71 SA07N A 13 
72 RI07K A 14 
NSES: Number of stimuli in each series 
Vl duration: 07=70%; 14=140% 
30% 
60% 
140% 
360% 
360% 
60% 
360% 
30% 
320% 
ClV1C2_ V2 (e.g. KA07f_E): words with manipulat.ed C2 duration 
ClV1C2V2_ (e.g. KA071E.J: words with manipulated V2 duration 
A= ascending series; D= descending series 
150% 
360% 
20% 
60% 
60% 
360% 
60% 
150% 
60% 
A d. 3 2 A .ooen 1x . seen d. ID g an d d escen d. m2 series- NS 
STIMULI T-test P value 
KA071E_ 1.406 .168 
KA141E_ 1.221 .2297 
RI07KA_ -1.84 .0736 
RI14KA_ .694 .4921 
I07SO .922 .3622 
I14SO 2.373 .0228 
KA07T E 1.433 .1601 
KA14T_E 1.459 .1528 
RI07K_A .651 .5187 
RI14K A .218 .8284 
I07S 0 .653 .5177 
114S 0 1.221 .2297 
H007N E 2.829 .0074 
H014N_E 1.981 .0549 
K007M_A 1.334 .1902 
K014M A 3.455 .0014 
SA07N A 1.811 .0781 
SA14N_A 3.182 .0029 
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A 
A 
D 
D 
D 
A 
D 
A 
D 
Aop.,.n11'Uy 3.S NS/BePinners (perceptual boundary) 
STIMULI Twtest P value 
KA07TE_ -3.68 .0004 
KA14TE_ -2.486 .015 
RI07KA_ -2.728 .0079 
RI14KA_ -3.324 .0014 
I07SO -3.58 .0006 
Il4SO_ -2.315 .0232 
KA07T_E -2.535 .0132 
KA14T_E .778 .439 
RI07K_A -3.449 .0009 
RI14K_A -1.969 .0525 
I07S_O 1.845 .0688 
I14S 0 5.057 .0001 
H007N_E 
-3.871 .0002 
H014N E -2.163 .0336 
K007M_A -5.514 .0001 
K014M_A -3.224 .0018 
SA07N_A -2.547 .0128 
SA14N_A 3.01 .0035 
A d' 3 6 A d' .ppen 1x . seen m ~ an d d d' escen mg series- B . egmners 
STIMULI T-test P value 
KA07TE_ -3.783 .0005 
KA14TE_ -3.145 .0032 
RI07KA_ -2.897 .0062 
RI14KA_ -3.074 .0039 
I07SO_ -4.391 .0001 
I14SO_ -6.042 .0001 
KA07T E -3.451 .0014 
KA14T_E -2.288 .0278 
RI07K_A -2.667 .0112 
RI14K A -2.491 .0172 
107S_O -2.794 .0081 
I14S_O -.991 .3278 
H007N E -3.221 .0026 
H014N_E -3.142 .0032 
K007M_A -4.333 .0001 
K014M_A -1.615 .1145 
SA07N_A -2.526 .0158 
SA14N A .375 .7096 
A d' 3 7 Vl d f ppen 1x . ura ion- B . egmners 
STIMULI F-test P value 
KA07/14TE_ .757 .3869 
RI07/14KA 3.166 .0792 
I07/14SO 2.049 .1564 
KA07/14T E 3.274 .0744 
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RI07/14K A .028 .8672 
I07/14S_O 4.935 .0293 
H007/14N_E 1.394 .2414 
K007/14M A .274 .6025 
SA07/14N A 5.374 .0231 
Appendix 3.8 Question marks indicated by Advanced learne rs 
KA14T_E D 220% RA 
RI14K_A A 180% RA 
I14S_O A 180% RA 
H014N E A 100% RA 
SA07N_A D 70% RA 
A d" 3 9 NS/Ad .ppen 1x . vance d ( t I b d ) ,percep ua oun ary 
STIMULI T-test P value 
KA07TE_ .136 .8923 
KA14TE_ .517 .6065 
RI07KA_ -.111 .9119 
RI14KA_ -.204 .8389 
I07SO_ .075 .9401 
I14SO 1.361 .1778 
KA07T_E -.065 .9482 
KA14T_E -.7 .486 
RI07K_A 1.956 .0544 
RI14K_A .709 .4809 
I07S 0 2.869 .0054 
I14S 0 4.327 .0001 
H007N E -3.558 .0007 
H014N E -3.555 .0007 
K007M_A -4.543 .0001 
K014M A -2.303 .0243 
SA07N A -.433 .6666 
SA14N A 1.576 .1196 
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.1513 
.0418 
1 
KA07/14T E 2.929 .0922 
RI07/14K_A 8.321 .0054 
I07/14S_O 1.644 .2047 
H007/14N_E .619 .4345 
K007/14M_A 0 
SA07/14N A 1.741 .1921 
A 1ix 4.1 Average Valuesw NS 
I NO I I 
-J! 1AL 
1 46.38 1.93 1 '.43 .76 127.63 
13.31 25.01 29.63 5.79 26.57 59.62 
2 katte 38.94 86.56 278.22 15.27 118.98 537.98 
13.19 22.01 44.52 4.43 22.02 73.61 
3 katee 43.27 67.58 109.17 18.78 1 
10.72 23.65 19.61 6.06 57.53 86.33 
4 71.88 116.33 326.97 
11.47 13.95 19.40 4.25 24.32 42.07 
5 rikk.a 26.11 86.80 244.62 28.26 107.56 493.34 
13.42 17.64 43.30 7.27 30.71 81.37 
6rikaa 22.56 80.34 91.07 27.12 235.18 456.29 
14.53 15.18 18.95 5.89 57.93 62.15 
7 iso 0.00 75.29 134.61 0.00 129.83 339.73 
0.00 23.73 24.58 0.00 27.23 58.06 
8 isso 0.00 92.86 279.83 0.00 123.09 495.77 
0.00 27.75 41.18 0.00 28.49 78.55 
9 isoo 0.00 137.72 0.00 294.93 51 
0.00 26.79 19.45 0.00 44.87 63.27 
10 k:oma 43.62 74.68 0.00 1 8.86 314.40 
8.03 25.23 16.25 0.00 22.30 53.70 
11 komma 40.15 90.64 l92.80 0.00 117.10 440.70 
9.27 17.31 25.46 0.00 32.17 51.27 
12hone 64.05 77.47 77.79 0.00 32.29 351.60 
24.61 28.36 17.48 0.00 21.94 48.90 
13 honne 62.00 99.56 226.81 0.00 139.07 527.44 
21.10 21.00 45.10 0.00 22.75 73.86 
14 saga 131.84 98.14 61.51 0.00 110.65 402.13 
33.08 11.40 14.09 0.00 22.45 40.78 
15 sanga 126.07 109.30 114.63 67.22 103.25 520.47 
25.91 15.23 22.10 20.58 28.02 45.56 
(The average figures in 'msec' (above) and 'standard deviation' (below) are given in each word.) 
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Appendix 4.2 Auditory impression- Beginners 
Obstruents/Vowels 
JAP BO BM BS KL KP lB 
1 kar.e1 katte kar.e katee kate1 kate1 kaathe1 
2 katte1 katte kaate kaatte katte1 katte1 katte1 
3 katee1 katee kaatee katei katee katee1 kar.ee 
4rika1 rikka1 rika1 rika1 rika rika1 rikka1 
-rikka1 
5 rikka2 cikka1 riika cikka1 rikka1 rikka1 cikka1 
6rikaa rikka1 riika rikaa1 rikaa rikaa rikka1 
-rikkaa -rikkaa 
7 iso1 isoo iso1 iso1 isso1 iso1 isso1 
8 isso1 iso1 iso isso1 isso1 issoo isso1 
9 isoo1 isoo iisoo issoo isoo isoo isoo 
Ob struents l . h owe s-pitc assumment 
JAP BO BM BS KL KP lB 
lLH lH lH um lH lH llH 
2LH lH lH llH lH lH lH 
3LHH lHH lllill lRL um lHH um 
4HL HL HL HL HL HL lL 
SHI.. HL HL HL HL HL lL 
6m.L m.L HHL m.L m.L m.L m.L 
7LH BL lH lH lH lH lH 
SLH BL lH lH lH lHH lH 
9LHH lHH lllill um um lHH um 
Nasals 
JAP BO BM BS KL KP lB 
ID 
katte1 
katte1 
katee 
rikka1 
cikka1 
rikkaa 
isso1 
isso1 
issoo 
ID 
lH 
lH 
lHH 
HL 
HL 
m.L 
lH 
lH 
lHH 
ID 
10koma1 kooma1 kooma1 koma1 koma1 koma1 komma1 kooma1 
NB NP PF 
katte1 katte kate? 
kattee kattee kattee 
kattee katee kattee 
rikka1 rikka irikka2 
riika1 rikka irikka1 
rikkaa rikka irikkaa 
isoo isso iso 
issoo issoo isso1 
isoo issoo isoo 
NB NP PF 
lH lH HL 
um um um 
um lHH um 
LB HL HL 
LHH HL HL 
LHH m.L m.L 
um lH lH 
um lHH lH 
um lHH lHH 
NB NP PF 
koma1 kommaa koma 
llkomma1 komma1 kooma kommaa komma1 komma1 komma1 komma1 komma1 kommaa komma1 
12 hone? honee1 hone? hone? hone? hone? honne1 honne1 hone? honne honne 
13 honne1 honee honee honne honne1 honne1 hone? honne1 honne1 honne honne1 
14 saga? saga a saga? saga? saga? saga? sana1 sana1 saa/na1 SllQaa saagaa 
15 sagga1 saga? sagga saga? saga? sagga1 sanna1 sanna1 sana1 sanaa sagna 
l . h asa s - pitc pattern 
JAP BO BM BS KL KP lB ID NB NP PF 
lOHL HHL HHL m.L HL HL HHL HHL LB Hm.L HL 
llm.L HHL HHL HL m.L m.L m.L HHL HHL Hm.L HHL 
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Appendix 4.3 Average Valuesm Bea~nners 
NO Cl I Vl C2 VOT V2 TOTAL 
l kate 45.11 95.07 176.86 35.59 162.58 515.21 
15.66 30.32 59.51 18.56 41.60 97.52 
2 katte 43.00 118.52 255.35 29.88 198.27 645.01 
13.43 59.73 75.05 16.52 70.35 99.24 
3 katee 40.96 86.07 160.66 37.34 339.78 664.81 
11.70 45.37 56.93 18.79 47.25 100.77 
4rika 31.70 75.10 184.76 31.29 146.93 469.78 
17.60 19.14 59.77 15.33 27.90 72.90 
5 rikka 38.12 97.15 296.86 32.94 157.88 622.95 
20.43 45.65 99.91 12.71 34.28 76.84 
6rikaa 39.59 97.44 ·.00 41.53 295.48 
21.34 41.76 84.34 15.66 137.70 156.23 
7 iso 0.00 81.99 173.22 0.00 176.78 431.99 
0.00 24.63 43.20 0.00 53.16 63.79 
8 isso 0.00 242.25 0.00 195.83 538.42 
0.00 33.10 51.46 0.00 80.50 102.48 
9 isoo 0.00 90.86 201.40 0.00 358.09 650.35 
0.00 40.75 53.37 0.00 69.76 61.20 
lOkoma 49.18 126.38 122.24 0.00 127.33 425.12 
13.46 51.23 47.38 0.00 42.91 93.49 
11 komma 55.43 122.23 208.25 0.00 130.76 516.67 
17.82 56.78 50.59 0.00 54.68 52.74 
12 hone 72.27 92.24 151.51 0.00 168.94 484.96 
20.14 27.93 72.86 0.00 81.28 102.98 
13 honne 82.13 93.31 197.58 0.00 202.54 575.55 
20.82 30.06 63.57 0.00 109.23 75.42 
14 saNa 142.60 117.38 154.79 0.00 135.87 550.63 
37.41 49.55 42.26 0.00 32.84 107.83 
15 saNNa 127.33 100.79 166.38 0.00 145.70 540.20 
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24.67 60.18 0.00 
saga 148.08 102.49 0.00 
45.41 43.19 0.00 
15 sangs l 137.13 53.72 
34.02 37.68 10.28 
average in 'msec' and 'standard deviation' are 
Aooendix 4.4 Word duration ratios- Bei!inners 
WORD BD BM BS KL KP LB ILD 
1 kal:e 100 100 100 100 100 100 100 
2 katte 142 95 138 133 133 136 109 
3 kal:ee 134 88 151 127 140 145 129 
4rika I 100 100 100 100 100 100 100 
5 rikka 151 113 132 196 120 155 143 
6rikaa 140 93 104 222 162 222 100 
7 iso 100 100 100 100 100 100 100 
8 isso 146 1021 123 162 104 177 0% 
l , 145 173 
WORD JAP BD BM BS KL 
lOkoma 100 100 100 100 100 100 100 
I 1Hmmma 140 106 132 211 142 162 95 
12 hone I 100 100 100 100 100 100 100 
13 honne 101 206 1451 106 139 96 
14 saira 100 100 100 100 100 100 100 
15 samza 129 67 128 86 123 97 97 
Appendix 4.S Long/short contrast ratios- Beginners 
C2 
100 
113 
144 
100 
125 
173 
100 
110 
169 
100 
121 
100 
112 
100 
102 
WORD JAP BD BM BS KL KP LB LD 
llcate 42 109 79 53 59 46 (i6 81 
2 katte 100 100 100 100 100 100 100 100 
3 katee 39 35 84 56 53 46 64 87 
4rika 39 81 88 23 (i6 41 58 69 
5 rikka 100 100 100 100 100 100 100 100 
6rikaa 37 72 68 45 65 44 51 89 
7 iso 48 86 77 52 83 53 80 85 
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in each 
NB NP PF 
100 100 100 
152 108 160 
136 106 148 
100 100 100 
117 121 130 
162 109 173 
100 I 100 100 
1 143 
1301 136 141 
-.Y 
I 
109 97 1031 
100 100 iool 
126 93 115 
1001 100 100 
106 94 84 
NB NP PF 
51 90 67 
100 100 100 
60 72 77 
122 69 59 
100 100 100 
164 70 121 
63 82 60 
00 
70 
I I I I 
- . 51 321 86 I 
100 1001 100 100 100 
I 
100 100 100 100 
12 hone I 341 64 62 60 65 54 105 78 69 l 
13 honne 100 100 I 100 100 100 100 100 100 100 100 
14 SSW! 34 100 46 121 56 57 76 100 106 85 30 
15 sanjta 100 100 100 100 100 100 100 100 100 100 100 
V2 
WORD JAP BD BM BS KL KP LB LD NB I NP PF 
l kale 47 56 53 61 43 40 34 33 52 62 46 
2 katte 44 61 71 41 53 38 35 41 75 73 96 
3 katee 100 100 100 100 100 100 100 100 100 100 I 100 
4rika 49 107 124 33 39 25 92 30 40 91 57 
Srifu 46 122 162 34 38 24 96 34 47 91 55 
6rikaa 100 . 100 100 100 100 100 100 100 I 100 100 100 
- . 43 38 42 331 73 73 60 
8 isso I 42 82 641 96 59 
9 isoo I 100· .. 111! 1111.. ·ool 100 100 100 100 1001 100 1001 
ratios~ Beginners 
C21Vl ratios 
WORD JAP BO BM BS KL KP LB LD NB NP PF 
l kale 1.68 2.39 0.93 1.04 1.92 1.47 1.42 3.42 2.32 2.26 2.54 
2 katte 3.21 2.51 0.75 0.71 3.04 2.99 2.58 4.70 3.61 2.27 3.10 
3 katee 1.62 1.40 0.72 1.08 2.18 1.96 1.99 3.71 2.65 2.55 2.69 
4rib 1.31 3.13 1.73 0.95 2.90 l.36 3.59 3.75 2.62 2.88 3.13 
5rifu 2.82 5.02 1.01 3.80 3.45 2.80 6.54 5.41 0.87 3.28 5.29 
6rikaa 1.13 2.88 0.79 1.47 2.26 0.86 3.10 4.58 2.54 2.45 5.21 
7 iso 1.79 2.76 1.97 1.69 2.58 1.20 1.67 3.46 1.94 2.96 2.03 
8 isso 3.01 2.63 1.90 2.18 3.13 2.05 3.73 3.44 2.00 2.89 1.63 
9 isoo 1.75 4.33 0.71 2.21 3.04 1.66 2.24 3.94 1.70 3.56 2.46 
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I I I I 
I I I I 
- .. 
I I I I I I 
92 'l 'l 
I I I 
l 18 3.46 1.48 
13 honne 
I 
1.25 l.50 
I 2.14, . ,., 821 3.71 2.05 2.64 
14 saira I 0.6~ 0.44 1.72 I 0.871 1.31 0.58 I .05 1.55 1.61 0.31 
I I 
1.431 15 san11:a 0.73 1.99 2.27 1.20 4.52 1.65 2.17 2.40 
V2/Vl ratios 
WORD JAP BD BM BS KL KP LB LD NB NP PF 
l Kate 1.82 1.77 1.36 2.29 1.66 1.57 0.96 1.45 2.31 2.33 2.31 
2 katte 1.37 2.17 1.16 0.56 1.92 1.43 1.21 1.98 2.59 2.47 3.93 
3 Katee 3.99 5.71 1.86 3.69 4.94 5.29 4.10 4.37 4.26 5.26 4.62 
4rika 1.62 1.98 1.86 1.23 3.07 1.28 1.66 1.90 1.84 2.83 3.15 
5 rikka 1.24 2.90 1.25 1.20 2.361 1.04 - " 0.88 2.24 3.03 
6 rikaa I 2.93 3.01 6.34 ' 2.98 1.791 6.12 3.32 2 
7 iso "'01 2.:nl 1.40 1.8 - 1.141 1.59 3.17 2.88 2.52 
n • 
'"' 1 .28 1.5 1.14 1.80 3.03 1.19 
9 isoo I 3.75 11.64 1.83 3.00 . 6.66 4.67 4.26 3.94 
WORD JAP BD BM BS KL KP LB LD NB INP PF 
lOkoma 1.54 0.60 0.39 1.61 1.29 1.16 1.13 0.59 1.25 2.42 1.27 
llkomma 1.29 0.79 0.29 2.57 0.67 1.23 1.13 1.10 1.26 3.24 0.78 
12 hone 1.71 5.72 2.37 1.47 1.33 1.23 1.11 2.11 1.42 2.421 1.10 
13 honne 1.40 6.98 4.73 2.13 1.63 1.25 LOO 1.79 
14 sai:ra 1.13 1.46 1.02 1.07 1.73 0.95 0.88 1.10 
15 sansza 0.94 1.41 1.34 1.56 2.20 1.04 0.99 0.87 
Appendix 4.7 Auditory impression- Advanced learners 
Obstruents/Vowels 
JAP AA BL CI RA RW SB SF 
1 kate7 kate1 kate1 kate1 kate7 kate1 kate1 kate7 
2 katte1 katte1 katte1 katte1 katte1 katte1 katte1 katte1 
3 katee7 katee7 katee7 katee7 katee7 katee1 katee1 katee7 
4 ri.ka7 rika7 rika7 rika7 rik.a7 rika7 rika7 rika1 
5 rikka7 rik.ka7 rikka1 rikka7 rikka7 rikka7 rikka7 rikka7 
6rikaa rikaa7 rikaa7 rikaa1 rikaa7 rikaa1 rikaa1 rikaa1 
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1.53 1.83 1.77 
l.29 2.13 1.05 
1.66 2.06 1.23 
TN 
kate1 
katte1 
katee 
rika7 
rikka7 
rikaa 
-• ."> . 
8 isso7 iso7- isso7 isso7 isso7 isso7 
isso7 
- isoo? isoo? . -
r-21 .. ~ ' I AA BL CI 
I 1 LH I LH LH LH LH I LH LH T 
2L LH LH T ·w LH LH HL .A 
3 LHH Llffi Llffi Llffi Llffi Llffi LHH LHH LHL 
4HL HI.. HL HI.. HL HL HI.. HL 
SHI.. HI.. HI.. HL HL HL HL HI.. HI.. 
6HLL HLL HLL HLL HLL HLL HLL HLL HLL 
7LH LH LH LH LH LH LH LH LH 
8LH LH LH LlI LH LH LH LH LH 
9 LHH LHH LHH LHH LHH LHH LHH LHH LHH 
Nasals 
AA BL CI RW SB 
koma? koma'l koma1 
lwmma1 komma1 
hone? 
honne1 honne1 hon 
sa a1 sa a1 
Nasals - pitch pattern 
JAP AA BL CI RA RW SB SF TN 
lOHL HL HL HL HL HL HL HL HL 
llHLL HLL HLL HLL HLL HLL HLL HLL HU. 
12LH LH LH LH LH LH LH LH LH 
13LHH LHH LHH LLH LLH LLH LHH LLH LHH 
14HL HL HL HL HL HL HL HL HL 
15HLL HLL HLL HU. HHL HHL HHH HLL HU. 
The pitch patterns shown in bold type indicate inappropriate tone (e.g. HL-> lli) 
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A .open d. 48 A IX . vera2e V I a ues- Advanced learners 
NO Cl Vl C2 vor V2 TOTAL 
I kate 49.79 72.84 102.75 30.06 139.98 395.42 
10.12 17.19 19.86 10.33 29.06 41.87 
2 katte 45.33 76.99 287.62 20.75 139.95 570.63 
13.22 19.04 70.08 7.50 35.90 77.36 
3 katee 48.50 62.61 114.18 30.42 285.39 541.10 
12.93 18.55 17.23 10.84 48.05 48.78 
4rika 15.58 64.51 86.76 32.61 123.00 322.46 
9.25 16.75 23.83 7.51 25.14 41.44 
5 rikka 20.20 74.72 283.03 28.73 121.55 528.23 
14.49 23.77 67.94 10.65 22.26 67.39 
6rikaa 23.30 69.17 96.08 37.52 258.36 484.43 
15.75 15.73 22.13 10.95 50.30 59.34 
7 iso 0.00 73.30 141.26 0.00 142.47 357.02 
0.00 24.13 20.77 0.00 27.47 47.75 
8 isso 0.00 79.94 258.98 0.00 126.10 465.03 
0.00 15.12 49.06 0.00 24.72 44.28 
9 isoo 0.00 70.61 163.85 0.00 299.80 534.25 
0.00 19.87 25.67 0.00 38.05 45.01 
lOkoma 54.61 68.86 89.70 0.00 114.65 327.82 
20.64 12.64 21.92 0.00 29.79 40.23 
11 komma 61.55 86.11 190.43 0.00 118.43 456.52 
24.07 26.70 37.60 0.00 36.46 72.66 
12hone 80.18 79.86 84.79 0.00 138.50 383.33 
23.26 19.54 19.51 0.00 25.08 40.46 
13 honne 77.77 89.96 251.41 0.00 139.30 558.44 
20.02 20.49 33.94 0.00 22.02 54.63 
14saNa 149.40 123.75 82.18 0.00 131.53 486.87 
23.68 19.76 9.54 0.00 40.23 75.83 
15saNNa 114.71 100.16 199.69 0.00 127.99 542.54 
13.36 14.85 44.89 0.00 20.02 82.12 
14 saga 120.88 109.58 79.08 0.00 116.82 426.37 
13.76 14.49 29.63 0.00 22.65 44.30 
15 sanga 114.27 107.69 141.79 89.32 120.55 573.61 
17.91 22.60 24.25 21.28 0.00 9.00 
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A d" S 1 A d" 1 .ooen 1x . seen ID!! and descendm2 series- DFAT 
STIMULI T-test P value 
KA07TE_ 
-1.116 .2834 
KA14TE 
-.913 .3765 
RI07KA_ 
-.95 .358 
RI14KA_ 
-.939 .3638 
I07SO_ -1.062 .3063 
Il4SO_ -1.024 .3231 
KA07T_E -2.575 .022 
KA14T_E -2.538 .0237 
RI07K A -3.68 .0025 
RI14K_A -2.931 .0109 
I07S_O -1.178 .2583 
114S_O -1.802 .0931 
H007N_E -.942 .3622 
H014N E -2.411 .0302 
K007M_A -2.96 .0103 
K014M_A -.914 .3761 
SA07N_A -.993 .3376 
SA14N_A -.335 .7436 
A d" 52Vld f DFATl .ppen 1x . ura ion-
STIMULI F-test P value 
KA07/14TE_ .169 .684 
RI07/14KA_ 0 
I07/14SO_ .034 .8556 
KA07/14T E 0 
RI07/14K_A .149 .7028 
107/14S_O 1.074 .309 
H007/14N E 1.526 .227 
K007/14M A .511 .4805 
SA07/14N A .264 .6117 
Appendix 5.3 Question marks indicated by DF AT2 
n KA07I'E A 200% PK 
2) I07S 0 D 160% DS 
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KA07T_E 1.691 .113 
KA14T_E -1.465 .1649 
Rl07K_A -2.658 .0187 
Rl14K_A -.487 .6341 
I07S_O 0 
I14S_O .536 .6004 
H007N_E 1.93 .0758 
H014N_E .8677 
.1284 
Appendix S.5 Vl durationm DF AT2 
STIMULI F test P value 
KAfJ7 /14TE_ .51 .481 
Rl07/14KA_ .055 .8164 
I07/14SO_ .287 .5963 
KAfJ7/14T E 1.349 .2553 
Rl07/14K_A 1.426 .2424 
I07/14S_O 1.605 .2156 
H007/14N E .585 .4512 
K007/14M A .014 .9062 
SAfJ7 /14N_A 4.684 .0395 
A d 0 5 6 Q f k . d' t d b DFAT3 ppen 1x . ues mn mar s m 1ca e 1y 
1) KA14TE A . 200% PK 
2) KAOTI E D 220% PK 
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A d" 5 7 p .ppen 1x . erceptual boundary- DFAT1/DFAT3 (dependent t-test) 
STIMULI T-test P value 
KA071E 
-1.017 .3841 
KA14TE 
-1.009 .3871. 
RI07KA_ 
-.378 .7306 
RI14KA_ .151 .8893 
I07SO_ -.305 .7806 
I14SO_ 
-1.203 .3154 
KA07T E 1.711 .1856 
KA14T E -1.4 .256 
RI07K_A .076 .944 
RI14K_A -1.271 .2933 
I07S_O .617 .5808 
I14S_O -1.842 .1627 
H007N_E -.19 .8618 
H014N_E -.271 .8043 
K007M_A 1.399 .2562 
. K014M_A .426 .6987 
SA07N_A -3.082 .0541 
SA14N_A .502 .65 
A d" 5 8 A d" .ppen 1x . seen m~ an d d d" escen mg series- DFAT3 
STIMULI T-test P value 
KA07TE_ .522 .6097 
KA14TE -.411 .6875 
RI07KA_ -1.288 .2186 
RI14KA_ -.134 .8955 
107SO_ 1.23 .2389 
I14SO -.832 .4193 
KA07T_E -.55 .5911 
KA14T E -.884 .3917 
RI07K_A -.228 .8232 
RI14K_A -.497 .6271 
I07S 0 -.753 .4637 
I14S_O .129 .8995 
H007N E -.661 .5191 
H014N_E .687 .5034 
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K007M A -.332 .7448 
K014M A 0 
SA07N_A .12 .9063 
SA14N_A 0 
A d 0 S 9 Vl d t' .ppen 1x . ura ion- DFAT3 
STIMULI F-test P value 
KA07/14TE .864 .3606 
RI07/14KA_ .095 .7598 
107/14SO .382 .5416 
KA07/14T_E 1.76 .1953 
RI07/14K A 1.014 .3226 
I07/14S 0 .202 .6567 
H007/14N_E 1.351 .2549 
K007/14M_A .669 .4204 
SA07/14N A 1.128 .2973 
A .ooen d 0 6 1 A d 0 t IX . u 1 ory 1m oressmn- DFATl 
AP OS PK PV 
1 kate [katte1] [kattee] [katte1] [katte] 
LH LHH LH LH 
2katte [katte1] [kattee] [kattee1] [katte] 
LH LHH LHH LH 
3 katee [kattee1] [kattee] [kattee] [kattee] 
LHH LHH LHH LHH 
4rika [rikka1] [rikka] [rikka] [Rikka] 
BL BL BL BL 
5 rikka [rikka1] [rikka] [riika] [Rikka] 
BL HI.. HHL BL 
6rikaa [rikkaa] [rikkaa] [rikkaa] [Rikka] 
HLL HLL HLL BL 
7 iso [isso1] [issoo] [issoo1] [isso] 
LH LHH LHH LH 
8 isso [isso1] [issoo] [issoo] [isso] 
LH LHH LHH LH 
9 isoo [issoo1] [issoo] [isso1] [issoo] 
LHH LHH LH LHH 
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lOkoma [koma1] [kooma] 
Ill.. HHL 
11 komma [komma1] [komma] 
HU. HU. 
12hone [hone1] [honee] 
LH urn 
13 honne [honnee] [honee] 
ILHH urn 
14 saga [saga1] [saga] 
Ill.. Ill.. 
15 sanga [sagga1] [sagga] 
HU. HU. 
Appendix 6.2 Average values- DF A Tl 
AP 
NO Cl Vl C2 
1 kate 63.6 129.5 218.7 
13.0 22.1 38.8 
2 katte 51.2 155.4 310.8 
7.0 9.7 43.6 
3 katee 42.0 136.4 305.8 
7.3 12.3 13.9 
4rika 21.1 107.4 247.3 
3.5 5.4 6.4 
5 rikka 16.3 115.7 378.3 
0.9 17.1 31.7 
6rikaa 41.1 91.3 284.8 
17.5 13.8 19.9 
7 iso 0.0 154.1 269.6 
0.0 16.8 21.7 
8 isso 0.0 160.4 306.1 
0.0 10.2 8.0 
9 isoo 0.0 150.4 274.0 
0.0 20.0 10.1 
lOkoma 71.8 151.1 99.3 
10.1 11.5 13.2 
11 komma 86.9 177.1 183.7 
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[kooma] [koma] 
HHL Ill.. 
[komma] [komma] 
HHL HU. 
[honee] [hone1] 
LHH LH 
[honee] [honne] 
LHH LLH 
[sagga] [saaga1] 
HHL HHL 
[sagga] [sagga1] 
HHL HU. 
var V2 TO'f AL 
48.6 207.9 .668.3 
12.1 4.2 27.9 
~2.4 224.0 773.8 
2.8 32.5 26.2 
62.8 350.9 898.0 
12.6 11.7 19.9 
42.6 146.9 565.3 
4.7 17.0 22.9 
32.3 156.1 698.8 
0.8 10.4 11.8 
39.9 421.2 878.3 
6.6 41.3 74.3 
0.0 203.0 626.7 
0.0 39.2 46.5 
0.0 197.5 663.9 
0.0 35.6 37.5 
0.0 377.6 802.0 
0.0 39.6 32.2 
0.0 227.7 550.0 
0.0 15.7 6.9 
93.9 206.5 654.3 
3.4 38.8 
hone 64.5 0.0 
0.0 
hoooe 0.0 287.7 790.8 
13.4 21.7 47.6 0.0 71.5 45.5 
14 saNa 155.3 177.S 95.6 0.0 220.7 649.4 
25.3 11.3 6.3 14.8 21.2 
15 saNNa 160.4 196.3 160.3 223.8 740.7 
26.2 12.7 34.3 0.0 20.9 30.6 
NO Cl Vl C2 vor V2 TOTAL 
l kat.e 41.9 83.8 175.0 35.7 242.9 579.4 
6.6 9.9 18.6 9.9 12.4 26.9 
2 k:att.e 41.9 90.4 254.6 41.9 274.8 703.6 
10.2 2.6 8.8 8.8 6.3 11.2 
3 katee 43.3 81.2 264.4 44.0 259.4 692.4 
17.0 16.4 14.5 9.8 1.3 11.6 
4rika 37.7 113.3 1%.8 61.2 169.3 578.2 
13.6 6.4 23.1 17.1 33.2 42.4 
5 rikka 50.4 157.7 293.0 55.9 192.4 749.5 
10.4 15.8 13.l 27.3 13.3 14.5 
6rikaa 37.l 293.6 55.6 192.2 704.7 
5.0 9.6 13.6 27.3 19.3 36.9 
7 iso 0.0 105.7 268.8 0.0 321.3 695.8 
0.0 12.5 22.6 0.0 34.7 11.3 
8 isso 0.0 107.7 227.3 0.0 242.0 577.0 
0.0 22.4 48.7 0.0 19.5 39.1 
9 isoo 0.0 145.9 250.7 0.0 315.1 711.7 
0.0 10.6 18.8 0.0 3.5 13.6 
lOkoma 45.8 164.1 100.0 0.0 150.7 460.5 
14.9 11.4 17.3 0.0 5.7 19.l 
11 komma 52.8 106.7 159.5 0.0 111.l 430.l 
1.9 10.7 17.7 0.0 6.1 33.3 
12 hone 95.4 115.2 175.3 0.0 292.6 678.5 
24.7 22.0 27.7 0.0 22.2 30.l 
13 honne 112.6 101.4 172.9 0.0 292.4 679.2 
25.7 2.5 7.4 0.0 16.7 19.8 
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14 saNa 165.6 135.5 173.6 0.0 181.6 656.3 
30.6 16.l 21.8 0.0 16.0 42.8 
15saNNa 166.6 118.3 180.9 0.0 208.5 674.3 
18.1 14.2 1.1 0.0 6.1 25.2 
PK 
NO Cl Vl C2 var V2 TOTAL 
1 kate 59.1 135.9 303.6 54.0 222.9 775.5 
9.9 9;0 9.6 18.0 24.9 23.8 
2katte 90.1 139.0 295.3 42.0 296.0 862.4 
13.9 18.5 39.0 5.8 74.5 137.4 
3katee 67.2 133.7 329.1 56.5 373.9 960.4 
1.3 15.2 28.3 4.8 62.6 60.1 
4rika 16.8 192.6 175.0 74.6 207.5 666.5 
2.3 31.8 55.7 14.9 1.7 30.6 
5 rikka 54.3 249.7 137.9 55.0 199.2 696.0 
12.6 30.5 23.6 14.3 18.1 19.1 
6rikaa 12.8 170.5 164.8 54.1 293.2 695.3 
4.3 24.5 32.8 10.4 24.4 20.0 
7 iso 0.0 189.1 331.6 0.0 272.1 792.8 
0.0 34.5 49.3 0.0 59.9 78.4 
8 isso 0.0 301.1 233.1 0.0 354.6 888.8 
0.0 35.0 48.7 0.0 14.3 35.9 
9 isoo 0.0 254.8 277.7 0.0 294.1 826.6 
0.0 30.1 53.7 0.0 19.8 33.8 
lOkoma 78.8 237.1 157.0 0.0 177.9 650.8 
4.3 10.8 15.1 0.0 11.3 9.6 
11 komma 76.2 100.4 348.1 0.0 167.7 692.3 
11.6 32.0 18.1 0.0 10.0 14.3 
12hone 134.3 202.8 193.4 0.0 281.3 811.8 
48.5 19.2 17.5 0.0 3.0 50.6 
13 honne 110.6 209.1 163.4 0.0 302.4 785.5 
33.3 25.6 43.5 0.0 15.1 30.9 
14 saNa 149.9 116.2 264.2 0.0 194.3 724.7 
10.8 3.9 7.9 0.0 20.1 37.5 
15 saNNa 152.6 122.2 278.7 0.0 199.7 753.2 
12.7 9.6 8.0 0.0 11.5 4.6 
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lk:ate .9 .3 ,3 200.9 577Jj 
5.2 18.3 7.9 2.5 6.2 17.7 
katte 49.1 24.7 .0 626.3 
1.2 20.1 30.8 3.3 4.7 7.2 
3 katee 52.1 94.8 277.3 47.3 389.9 861.4 
6.9 8.3 20.6 3.5 7.4 17.8 
4rika 16.0 75.4 251.5 40.9 236.6 620.4 
6.0 9.4 14.9 0.7 5.7 31.2 
5 rikka 55.3 121.9 564.0 34.6 275.9 1051.7 
8.9 5.5 74.2 1.8 8.4 74.1 
6rikaa 36.2 98.5 231.0 45.7 253.5 665.0 
18.5 15.9 43.4 9.2 6.9 43.0 
7 iso 0.0 87.5 257.7 0.0 207.8 553.0 
0.0 4.1 21.2 0.0 14.4 11.6 
8 isso 0.0 94.0 299.l 0.0 217.4 610.5 
0.0 2.5 14.4 0.0 8.0 14.7 
9 isoo 0.0 .1 274.3 0.0 379.3 ,,4 
0.0 4.7 ·20.4 0.0 9.6 30.3 
lOkoma 62.2 114.1 86.8 0.0 138.7 401.9 
11.5 10.1 3.4 0.0 27.4 28.0 
11 komma 62.9 126.2 171.5 0.0 256.l 616.7 
10.2 8.9 27.l 0.0 18.4 6.5 
12hone 83.6 80.5 92.8 0.0 192.9 
22.1 16.8 27.0 0.0 67.9 61.4 
13 honne 74.8 86.3 239.8 0.0 324.0 724.8 
32.4 8.2 6.5 0.0 14.4 39.5 
14 saNa 162.3 255.8 434.3 0.0 149.l 880.5 
8.8 19.8 52.5 0.0 19.2 42.9 
15 saNga 128.5 96.0 230.4 180.6 133.9 769.4 
15.5 10.6 0.9 16.0 5.8 12.9 
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111 
3 laf!!e 124 
rfila 100 
6 du 122 104 
7 i so 100 100 100 100 
isso 106 83 112 110 
9 LllJID 128 102 104 134 
10 loma 100 100 100 100 
11 !omma 119 93 106 153 
12 nc::me 100 100 100 100 
13 nc::mne 138 100 97 161 
14 a. 100 100 100 100 
15 ma 114 103 104 87 
AP DS PK I PV 
1 kite 70 69 103 80 
I 2 katae 100 100 100 100 
I 3 Ide 98 104 111 102 
4d:a 65 67 127 45 
5dla 100 100 100 100 
6rl.aa 75 100 120 41 
7 :jl(lil 88 118 142 86 
8 ::i~oo 100 100 100 100 
9 j()ll() 90 110 119 92 
l<Jtoma 54 63 45 51 
1Li1101mna 100 100 100 100 
l::!ni;one 54 101 118 39 
l:!nome 100 100 100 100 
14Bira (i() 96 95 106 
15amza 100 100 100 100 
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V2 
AP DS PK PV 
1 lcate 59 94 60 52 
2 katte 64 106 79 55 
3 katee 100 100 100 100 
4 rika 35 88 71 93 
5 rikka 37 100 68 109 
6rikaa 100 100 100 100 
7 iso 54 102 93 55 
8 isso 52 77 121 57 
9 isoo 100 100 100 100 
Appendix 6.5 C2/Vl and V2/Vl ratios- DF A Tl 
C2/Vl ratios 
AP OS PK PV 
1 lcate 1.69 2.09 2.23 2.50 
2 katte 2.00 2.81 2.12 3.99 
3 katee 2.24 3.26 2.46 2.92 
4 rika 2.30 1.74 0.91 3.34 
5 rikka 3.27 1.86 0.55 4.63 
6rikaa 3.12 2.32 0.97 2.34 
7 iso 1.75 2.54 1.75 2.95 
8 isso 1.91 2.11 0.77 3.18 
9 isoo 1.82 1.72 1.09 3.06 
lOkoma 0.66 0.61 0.66 0.76 
11 komma 1.04 1.49 3.47 1.36 
12 hone 0.87 1.52 0.95 1.15 
13 honne 1.31 1.70 0.78 2.78 
14 !mlla 0.54 1.28 2.27 1.70 
15 samza 0.82 1.53 2.28 2.40 
V21Vl ratios 
AP DS PK PV 
1 lcate 1.61 2.90 1.64 2.33 
2 lcatte 1.44 3.04 2.13 3.16 
3 katee 2.57 3.19 2.80 4.11 
4 rika 1.37 1.49 1.08 3.14 
5 rikka 1.35 1.22 0.80 2.26 
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2.51 2.16 
LSI 0.92 
Ll7 L04 
L55 2.54 
13 honne 1.59 2.88 
14 a 1.24 1.34 1.67 0.58 
15 san a 1.14 1.76 1.63 1.39 
A Auditor ression~ DFAT2 
AP DS PK PV 
1 kale [kate] [kanee] [kattee] [kattee] 
LH LHH LHH LHH 
2 katte [kattee] 
LH LHH LHH LHH 
3 katee 
4rika 
HL HL HL 
5 rikka [rikka] 
HL HL HL HLL 
6 rikaa [rikkaa] [riilia] [riika(a)] [s"ikkaa] 
HLL HLL HHL HLL 
7 iso [iso?] [issoo] [isso?] [issoo] 
LH LHH LH LHH 
8 isso [issoo] [issoo] [isso] [issoo] 
LHH LHH LH LHH 
9 isoo [isoo] [issoo] [issoo] [issoo] 
LHH LHH LHH LHH 
lOkoma [koma?] [komma'l] [komma'l] [koomaa] 
HL HLL HHL HHLL 
11 komma [komma'l] [komma'l] [k.omma'l] [koomaa] 
HLL HLL HHL HHLL 
12 hone [honee] [honee] [hone?] [honee] 
LHH urn LH urn 
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13 honne [honee] [honee] 
urn urn 
14 saga [saga1] [sagga] 
HL HHL 
15 sanga [sagga1] [sagga] 
HlL HLL 
Appendix 6. 7 Average values- DF A T2 
AP 
NO Cl Vl C2 
1 kate 70.2 88.3 133.0 
2.5 4.8 14.5 
2katte 59.1 118.8 307.2 
11.7 9.1 13.0 
3katee 57.2 90.8 122.8 
2.2 7.4 9.4 
4rika 19.3 94.5 185.3 
3.2 6.9 40.8 
5 rikka 13.5 95.6 363.9 
0.3 6.2 45.7 
6rikaa 18.7 78.8 225.7 
2.8 8.2 12.9 
7 iso 0.0 92.1 159.1 
0.0 4.8 15.2 
8 isso 0.0 131.0 327.0 
0.0 9.1 20.1 
9 isoo 0.0 102.1 196.9 
0.0 5.8 5.2 
lOkoma 50.4 107.4 93.1 
5.1 11.8 2.6 
11 komma 56.4 156.6 186.6 
11.8 17.8 16.2 
12hone 57.5 111.9 115.3 
17.4 4.6 5.1 
13 honne 73.5 133.4 135.7 
8.4 3.8 9.1 
14 saNa 143.9 144.4 89.8 
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[honnee] [honnee] 
ILHH ILHH 
[sagga] [sa1gaa] 
HHL HlL 
[sagga1] [saggaa] 
HHL HHLL 
var V2 TOTAL 
61.1 256.2 608.7 
14.8 9.9 11.0 
40.1 209.4 734.6 
13.4 6.3 4.0 
60.3 463.7 794.8 
16.9 9.2 27.7 
25.5 245.7 570.3 
4.6 10.9 27.0 
19.9 192.4 685.3 
5.9 15.6 21.2 
33.2 432.2 788.6 
4.4 3.5 13.9 
0.0 252.4 503.6 
0.0 26.9 15.2 
0.0 257.2 715.2 
0.0 11.9 17.5 
0.0 477.2 776.2 
0.0 30.3 36.1 
0.0 181.0 432.0 
0.0 7.2 10.8 
0.0 236.8 636.4 
0.0 24.9 10.0 
0.0 259.6 544.3 
0.0 16.3 6.5 
0.0 495.1 837.8 
0.0 48.9 62.1 
0.0 212.5 590.5 
16.0 9.0 8.5 0.0 24.7 32.2 
15saNNa 159.7 201.5 172.2 0.0 242.9 776.3 
26.5 7.6 9.0 0.0 16.4 26.3 
DS 
NO Cl VI C2 VCIT V2 TOTAL 
1 kate 51.2 112.3 170.3 31.4 306.2 671.5 
16.8 12.3 12.0 11.5 15.8 31.6 
2 katte 34.2 126.4 286.1 25.1 351.5 823.2 
3.5 15.9 35.2 8.6 19.1 43.8 
3katee 53.1 119.2 229.3 43.0 394.6 839.3 
16.4 25.9 11.4 8.1 49.1 58.5 
4rika 32.4 108.2 222.1 28.5 159.0 550.2 
13.7 28.8 6.1 9.7 0.9 20.1 
5 rikka 28.0 106.7 296.4 39.1 192.5 662.7 
10.5 21.1 8.8 12.8 14.1 34.4 
6rikaa 34.9 160.1 227.0 29.6 418.1 869.7 
8.7 14.4 49.0 1.5 25.5 67.1 
7 iso 0.0 161.4 229.9 0.0 346.4 737.7 
0.0 7.9 24.8 0.0 38.0 35.6 
8 isso 0.0 137.4 242.6 0.0 375.0 755.0 
0.0 23.4 14.7 0.0 27.2 56.7 
9 isoo 0.0 143.2 223.0 0.0 331.1 697.2 
0.0 20.0 7.9 0.0 22.0 34.6 
lOkoma 43.8 128.8 173.7 0.0 116.9 463.2 
5.9 20.5 22.0 0.0 19.3 39.3 
11 komma 56.5 118.8 205.6 0.0 145.9 526.8 
9.4 10.6 4.6 0.0 12.3 14.9 
12hone 97.5 118.9 176.2 0.0 237.9 630.5 
4.4 11.6 17.1 0.0 10.4 16.1 
13 honne 115.6 161.4 157.8 0.0 322.4 757.2 
24.6 12.6 15.7 0.0 24.8 24.1 
14 saNa 138.5 121.2 187.0 0.0 142.1 588.9 
5.6 8.8 8.6 0.0 5.5 10.8 
15 saNNa 139.6 131.1 237.5 0.0 213.6 721.7 
16.8 22.7 30.6 0.0 35.3 72.7 
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PK 
NO Cl Vl C2 VOT V2 TOTAL 
1 kate 66.7 131.7 277.7 49.0 302.7 827.7 
11.7 33.1 19.2 33.5 72.0 41.0 
2katte 58.7 172.0 262.7 23.3 293.3 810.0 
10.4 42.8 27.2 6.7 18.2 20.l 
3 katee 67.7 87.3 271.0 37.7 380.7 844.3 
4.9 3.8 17.3 10.4 52.9 47.4 
4rika 17.0 119.0 188.3 44.0 249.3 617.7 
2.6 12.3 10.7 3.6 50.8 60.3 
5 rikka 24.7 124.7 . 224.3 54.3 167.0 595.0 
4.5 26.5 23.4 15.6 24.l 45.1 
6rikaa 35.0 197.0 112.3 50.0 261.7 656.0 
14.0 6.6 24.6 5.3 58.8 80.5 
7 iso 0.0 112.3 273.0 0.0 200.7 586.0 
0.0 5.7 21.8 0.0 35.4 54.7 
8 isso 0.0 203.0 272.7 0.0 218.0 693.7 
0.0 29.5 12.l 0.0 25.1 49.1 
9 isoo 0.0 125.0 260.7 0.0 299.7 685.3 
0.0 11.5 5.5 0.0 39.5 40.2 
lOkoma 72.3 133.3 184.0 0.0 146.0 535.7 
4.6 31.8 32.2 0.0 31.0 39.4 
11 komma 68.3 91.3 297.3 0.0 167.0 624.0 
16.9 3.8 10.0 0.0 19.0 10.8 
12 hone 53.7 127.0 195.7 0.0 241.0 617.3 
14.8 17.7 8.4 0.0 13.7 28.3 
13 honne 83.3 137.7 248.0 0.0 330.7 799.7 
13.4 17.9 32.0 0.0 2.5 37.9 
14 saNa 156.0 172.3 210.3 0.0 187.3 726.0 
22.1 15.6 45.5 0.0 11.5 53.4 
15saNNa 109.0 123.0 239.3 0.0 151.0 622.3 
10.4 33.6 23.6 0.0 10.4 11.9 
PV 
NO Cl Vl C2 var V2 Taf AL 
1 kate 64.7 102.0 233.3 51.3 467.0 918.3 
0.6 6.2 26.8 6.4 28.9 58.6 
2katte 66.0 98.0 309.7 57.0 461.3 992.0 
3.5 20.0 35.0 19.3 57.8 20.0 
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3katee 56.0 99.3 266.0 60.0 439.0 920.3 
11.3 5.9 21.5 9.0 53.7 43.0 
4rika 36.3 107.3 238.7 40.7 373.3 796.3 
10.7 6.5 4.0 4.9 45.1 46.4 
5 rikka 58.3 87.7 287.0 44.3 309.0 786.3 
15.0 9.3 60.6 14.3 18.5 21.5 
6rikaa 42.3 106.3 248.0 65.7 473.7 936.0 
25.6 30.6 27.l 11.0 57.1 75.7 
7 iso 0.0 97.7 277.7 0.0 428.7 804.0 
0.0 8.4 25.1 0.0 22.3 53.0 
8 isso 0.0 144.0 253.3 0.0 455.0 852.3 
0.0 16.5 12.1 0.0 12.5 10.2 
9 isoo 0.0 158.3 272.0 0.0 437.7 868.0 
0.0 5.1 27.5 0.0 34.6 44.5 
IOkoma 94.7 237.0 110.0 0.0 386.7 828.3 
14.4 2.6 7.9 0.0 28.6 29.0 
11 komma 92.0 220.7 123.3 0.0 386.3 822.3 
10.6 4.0 6.7 0.0 53.3 36.9 
12hone 113.0 119.7 179.3 0.0 422.0 834.0 
1.5 5.5 23.2 0.0 9.8 21.3 
13 honne 121.3 116.7 212.3 0.0 445.0 895.3 
26.6 10.1 28.6 0.0 29.5 17.2 
14 saga 189.0 133.0 257.0 0.0 360.3 939.3 
24.4 32.8 31.3 0.0 17.0 47.4 
15 saNga 173.3 131.7 155.7 111.3 370.3 942.3 
26.4 30.0 11.1 28.0 38.9 78.3 
A d" 68 w d d f f ,ppen 1x . or ura ion ra IOS· DFAT2 
AP DS PK PV 
1 kate 100 100 100 100 
2 katte 121 123 98 108 
3 katee 131 125 102 100 
4 rika 100 100 100 100 
5 rikka 120 120 96 99 
6 rikaa 138 158 106 118 
7 iso 100 100 100 100 
8 isso 142 102 118 106 
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9 isoo 154 95 117 108 
lOkoma 100 100 100 100 
11 komma 147 114 116 99 
12 hone 100 100 100 100 
13 honne 154 120 130 107 
14 salla 100 100 100 100 
15 san2a 131 123 86 100 
Appendix 6.9 Long/short contrast ratios- DF AT2 
Lo I ho (C2) ng,s rt contrast 
AP OS PK PV 
1 kate 43 ()() 106 75 
2 katte 100 100 100 100 
3 katee 40 80 103 86 
4rika 51 75 84 83 
5 rikka 100 100 100 100 
6rikaa 62 n 50 86 
7 iso 49 95 100 110 
8 isso 100 100 100 100 
9 isoo ()() 92 96 107 
lOkoma 50 84 62 89 
11 komma 100 100 100 100 
12hone 85 112 79 84 
13 honne 100 100 100 100 
14 salla 52 79 88 96 
15 san2a 100 100 100 100 
Lo I ho (V2) n11. s rt contrast 
AP DS PK PV 
1 kate 55 78 80 106 
2 katte 45 89 77 105 
3 katee 100 100 100 100 
4rika 57 38 95 79 
5 rikka 45 46 64 65 
6rikaa 100 100 100 100 
7 iso 53 105 67 98 
8 isso 54 113 73 104 
9 isoo 100 100 100 100 
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Appendix 6.10 C2/Vl and V2/Vl ratios- DF AT2 
C2/Vl ratios 
AP DS PK PV 
1 kale 1.51 1.52 2.11 2.29 
2 katte 2.59 2.26 1.53 3.16 
3 katee 1.35 1.92 3.10 2.68 
4rika 1.96 2.05 1.58 2.22 
5 rikka 3.81 2.78 1.80 3.27 
6rik:aa 2.87 1.42 0.57 2.33 
7 iso 1.73 1.42 2.43 2.84 
8 isso 2.50 1.77 1.34 1.76 
9 isoo 1.93 1.56 2.09 1.72 
lOkoma 0.87 1.35 1.38 0.46 
11 komma 1.19 1.73 3.26 0.56 
12hone 1.03 1.48 1.54 1.50 
13 honne 1.02 0.98 1.80 '1.82 
14 srura. 0.62 1.54 1.22 1.93 
15 sanjta 0.85 1.81 1.95 2.03 
V2!Vl ratios 
AP DS PK PV 
1 kate 2.90 2.73 2.30 4.58 
2 katte 1.76 2.78 1.71 4.71 
3 katee 5.11 3.31 4.36 4.42 
4 rika 2.60 1.47 2.09 3.48 
5 rikka 2.01 1.80 1.34 3.52 
6rik:aa 5.48 2.61 1.33 4.46 
7 iso 2.74 2.15 1.79 4.39 
8 isso 1.96 2.73 1.07 3.16 
9 isoo 4.67 2.31 2.40 2.77 
lOkoma 1.69 0.91 1.10 1.63 
11 komma 1.51 1.23 1.83 1.75 
12 hone 2.32 2.00 1.90 3.53 
13 honne 3.71 2.00 2.40 3.81 
14 saga 1.47 1.17 1.09 2.71 
15 sanjta 1.21 1.63 1.23 2.81 
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A d 0 6 11 A d"t .ppen 1x . u 1 or:v impression- DFAT3 
AP OS PK PV 
1 kate [kate7] [kattee] [kattee] [kattee] 
LH urn urn: urn 
2 katte [katte?] [kattee] [kattee] [kattee] 
LH urn LHH HLl. 
3katee [katee7] [kattee] [kattee] [kattee] 
LlilI urn LHH urn 
4rika [rika7] [rikka] [riika7] [sikkaa] 
HL HL HHL HLl. 
5 rikka [rikka7] [rikkaa] [riika?] [sikkaa] 
HL HLl. HHL HLl. 
6rikaa [rikaa7] [rikkaa] [riikaa] [sik.kaa] 
HLl. HLl. HHIL HLl. 
7 iso [iso7] [issoo] [isso7] [issoo] 
LH LlilI LH LlilI 
8 isso [iso7] [issoo] [isso7] [issoo] 
LlilI LlilI LH LlilI 
9 isoo [isoo7] [issoo] [issoo7] [issoo] 
LlilI LlilI LHH LlilI 
lOkoma [koma1] [komma7] [komma1] [komaa] 
HL HHL HHL HLl. 
11 komma [komma7] [komma1] [komma7] [kommaa] 
HLL HLL HHL HHIL 
12hone [hone?] [honee] [honnee] [honee] 
LH LlilI UHH LlilI 
13 honne [honne1] [honee] [honne7] [honnee] 
LlilI LlilI LLH LLlilI 
14 saga [saga?] [saggaa] [sagga] [sagaa] 
HL HHI.L HHL HLL 
15 sanga [sagga7] [sagga7] [sagga7] [saggaa] 
HLL HLl. HHL HHLL 
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Appendix 6.12 Average values- DFATJ 
AP 
NO Cl Vl C2 
1 kate 49.2 85.4 130.2 
8.3 9.3 8.9 
2katte 47.4 80.8 368.6 
6.6 11.4 18.2 
3 katee 56.1 68.2 157.5 
7.4 8.9 11.l 
4rika 10.1 65.3 113.8 
4.3 6.2 8.3 
5 rikka 9.6 76.4 349.8 
1.9 4.4 19.7 
6rikaa 8.4 66.1 152.1 
1.5 14.9 27.0 
7 iso 0.0 87.7 141.9 
0.0 10.4 6.1 
8 isso 0.0 73.5 194.8 
0.0 18.1 19.9 
9 isoo 0.0 66.8 171.7 
0.0 16.7 16.3 
lOkoma 59.1 110.6 90.7 
5.3 4.1 1.9 
11 komma 49.3 147.8 213.6 
7.9 8.9 11.6 
12hone 50.7 119.1 116.0 
3.3 2.6 11.4 
13 honne 79.0 136.6 264.8 
4.1 16.8 46.4 
14 saNa 163.3 124.4 88.0 
13.8 8.3 2.2 
15 saNNa 140.9 161.8 229.8 
20.2 13.4 22.7 
DS 
NO Cl Vl C2 
1 kate 38.2 77.2 153;0 
7.0 11.5 8.5 
2katte 34.9 55.2 223.5 
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var V2 TarAL 
43.1 207.8 515.7 
9.3 28.5 23.9 
17.6 210.1 724.5 
0.7 19.8 22.9 
32.9 379.3 694.0 
8.8 37.5 38.9 
20.4 154.5 364.1 
6.7 17.0 25.4 
17.9 154.7 608.4 
2.6 17.0 34.2 
32.7 369.9 629.3 
2.5 46.5 29.7 
0.0 175.7 405.3 
0.0 6.1 9.6 
0.0 177.1 445.4 
0.0 16.6 29.5 
0.0 432.l 670.6 
0.0 39.3 34.4 
0.0 191.9 452.2 
0.0 3.8 8.8 
0.0 182.0 592.7 
0.0 11.0 5.9 
0.0 222.9 508.8 
0.0 14.8 7.1 
0.0 267.4 747.9 
0.0 24.6 76.6 
0.0 142.5 518.1 
0.0 13.1 27.8 
0.0 200.2 732.7 
0.0 5.5 31.9 
var V2 TarAL 
30.7 222.7 521.8 
5.2 9.0 18.8 
37.4 335.3 686.3 
20.8 26.~ 76.l 8.2 11.8 27.8 
31.mtee 39.7 8L7 204.7 2ft9 350.1 
10.5 13.9 4.5 4.5 16.7 14.8 
4 8.6 '.2 160.3 .o 430.7 
2.0 19.2 37.6 3.3 12.4 32.5 
5rikka 19.2 86.4 280.1 18.8 223.8 628.3 
4.1 12.3 30.8 2.2 19.0 54.4 
6rikaa 24.9 79.3 211.l 30.7 289.6 
6.3 17.2 44.8 4.2 20.8 53.8 
7iso 0.0 71.4 190.4 0.0 223.2 485.0 
0.0 6.4 6.0 0.0 21.0 HU 
8 isso 0.0 51.8 200.3 0.0 300.6 552.7 
0.0 18.8 11.1 0.0 20.5 10.4 
9 isoo 0.0 90.2 200.8 0.0 422.7 713.7 
0.0 8.2 6.2 0.0 21.0 20.4 
lOkoma 45.3 74.9 166.3 0.0 143.5 430.0 
9.6 10.0 1.3 0.0 20.7 33.8 
11 komma 32.8 84.0 147.5 0.0 131.5 395.8 
8.0 9.0 11.3 00 20.3 11.4 
12 hone 51.8 122.1 95.9 265.9 .7 
20.1 14.7 6.4 0.0 18.l 28.6 
13 honne .9 l06.9 131.4 f3.3 
20.5 9.9 12.2 0.0 30.9 44.1 
14 saNa 153.9 141.5 218.7 0.0 1.3 743.4 
34.1 18.9 21.l 0.0 36.9 38.8 
15 saNNa 124.8 86.0 216.1 0.0 165.9 592.8 
7.1 28.2 10.4 0.0 8 . .S 36.7 
PK 
NO Cl VI C2 VOT V2 TOTAL 
1 kate 66.9 95.9 249.l 36.7 333.9 782.7 
16.8 33.l 29.8 4.3 21.6 40.4 
2 katte 87.0 69.5 325.5 37.3 274.5 793.9 
12.0 4.9 29.4 12.7 22.0 38.0 
3 katee 70.9 100.8 310.6 45.0 359.1 886.4 
5.8 10.3 1.5 7.4 28.4 22.6 
4 rika 25.8 194.4 107.2 50.l 113.5 491.0 
12.2 20.2 5.2 8.8 16.7 29.0 
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5 rikka 38.5 251.8 120.6 69.8 110.6 591.2 
15.3 31.8 26.4 5.2 18.4 32.5 
6rikaa 24.5 247.8 104.7 73.5 294.8 745.3 
0.2 20.5 29.4 13.9 25.1 52.7 
7 iso 0.0 79.0 293.4 0.0 161.2 533.6 
0.0 8.3 21.9 0.0 20.5 35.4 
8 isso 0.0 213.0 265.6 0.0 184.4 663.0 
0.0 32.5 22.8 0.0 3.2 10.2 
9 isoo 0.0 86.0 375.2 0.0 339.6 800.8 
0.0 13.6 28.5 0.0 20.7 62.2 
lOkoma 85.0 151.6 227.1 0.0 163.0 626.7 
13.9 16.8 46.0 0.0 32.4 64.1 
11 komma 83.3 95.6 248.5 0.0 120.9 548.3 
1.8 23.2 4.6 0.0 6.3 20.5 
12hone 117.1 145.1 267.5 0.0 356.5 886.3 
5.0 20.9 19.2 0.0 32.8 64.8 
13 honne 100.4 94.3 289.8 0.0 138.2 622.7 
9.4 13.2 34.7 0.0 30.1 41.5 
14 saNa 206.4 126.0 181.1 0.0 120.7 634.3 
34.4 15.6 48.5 0.0 18.5 13.4 
15 saNNa 171.7 140.2 338.2 0.0 152.7 802.8 
11.3 8.5 17.9 0.0 6.0 9.8 
PV 
NO Cl Vl C2 VOT V2 TOTAL 
1 kate 49.6 50.0 183.3 61.2 350.3 694.3 
6.3 2.0 8.8 8.2 30.6 44.8 
2katte 38.3 45.8 261.3 38.2 361.5 745.0 
4.1 2.3 22.3 5.8 11.3 26.2 
3 katee 52.2 50.9 223.3 45.6 374.9 746.9 
2.3 1.0 2.7 6.9 10.8 10.0 
4 rika 28.4 70.0 224.0 45.8 342.7 710.9 
11.4 7.1 8.5 11.0 16.2 16.8 
5 rikka 40.2 62.1 237.1 44.0 304.9 688.3 
21.1 5.6 38.6 8.5 13.5 25.2 
6rikaa 34.5 63.5 236.7 . 46.8 365.8 747.3 
13.0 6.9 28.9 9.2 11.3 26.6 
7 iso 0.0 64.9 280.2 0.0 358.8 703.8 
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0.0 12.6 17.0 0.0 52.7 49.7 
8 isso 0.0 0.0 l0.3 73LO 
0.0 11.4 26.8 0.0 10.8 23.7 
9 isoo 1.0 96.4 259.1 0.0 364.l .5 
0.0 11.9 15.9 0.0 8.5 35.5 
lOkoma 70.6 105.3 165.2 0.0 289.2 630.3 
2.2 1.9 4.9 0.0 23.6 24.5 
11 komma 62.3 67.9 198.9 0.0 204.8 13.9 
7.6 24.3 10.8 0.0 30.6 42.6 
12 hone 96.0 119.8 172.1 0.0 376.6 764.6 
27.6 4.1 11.3 0.0 56.9 89.8 
13 home 82.4 69.1 192.8 0.0 405.7 750.0 
16.0 10.1 9.6 0.0 33.8 35.8 
14 saNa 158.8 113.6 214.4 0.0 225.1 711.9 
18.4 12.9 18.2 0.0 29.4 42.3 
15 saNNa 163.2 90.1 182.6 0.0 262.l 698.0 
20.6 5.4 28.0 0.0 15.8 52.7 
AirmPntlhr 6.13 Word duration li.adu:li~ DFAT3 
AP DS I PK PV 
l kal:e 100 100 100 iool 
2 katte 140 132 101 107 
3 kal:ee 135 135 113 108 
4 rika 100 100 100 100 
5 rikka 167 146 120 97 
6 l"ilraa 173 148 152 105 
7 iso 100 100 100 100 
8 isso 110 114 124 104 
9 isoo 165 147 150 102 
10 koma 100 100 100 100 
11 komma 131 92 87 85 
12 hone 100 100 100 100 
13 honne 147 120 70 98 
14 sruza 100 100 100 100 
15 san~a 141 80 127 98 
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Appendix 6.14 Long/short contrast ratios- DF A T3 
Lo I ho (C2) ng,s rt contrast 
AP DS PK 
1 kate 35 68 77 
2 katte 100 100 100 
3 k:atee 43 92 95 
4 rika 33 57 89 
5 rikka 100 100 100 
6rikaa 43 75 87 
7 iso 73 95 110 
8 isso 100 100 100 
9 isoo 88 100 141 
lOkoma 42 113 91 
11 komma 100 100 100 
12 hone 44 73 92 
13 honne 100 100 100 
14~a 38 101 54 
15 samta 100 100 100 
Lo I ho (V2) nR.S rt contrast 
AP DS PK 
1 kate 55 64 93 
2 katte 55 96 76 
3 k:atee 100 100 100 
4 rika 42 47 39 
5 rikka 42 77 38 
6rikaa 100 100 100 
7 iso 41 53 47 
8 isso 41 71 54 
9 isoo 100 100 100 
Appendix 6.15 C2/V1 and V2/V1 ratios- DF AT3 
C21Vl ratios 
AP DS PK 
1 kate 1.52 1.98 2.60 
2 katte 4.56 4.05 4.68 
3 k:atee 2.31 2.51 3.08 
4 rika 1.74 1.80 0.55 
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PV 
70 
100 
85 
95 
100 
100 
110 
100 
101 
83 
100 
89 
100 
117 
100 
PV 
93 
96 
100 
94 
83 
100 
99 
113 
100 
PV 
3.67 
5.70 
4.39 
3.20 
IO koma 1.50 1.57 
11 k:omma 1.44 1.76 2.60 2.93 
12 hone 0.97 0.78 1.84 1.44 
honne 1.94 1.23 3.07 2.79 
14 a 0.71 1.55 1.44 1.89 
15 san a 1.42 2.51 2.41 2.03 
V2!Vl ratios 
AP DS PK PV 
1 k:ate 2.43 2.88 3.48 7.01 
2 katte 2.60 6.07 3.95 7.89 
3 k:atee 5.56 4.29 3.56 7.37 
I 4 rika 2.37 1.52 05R 4QOI 
I -; rikka 2.02 2.59 0.44 ·~---;i 
6 rikaa 5.601 3.65 1.19 5.761 
7 iso 2.00 3 .13 2.MI 55~1 
8 isso 2.41 5.80 0.87 6.30 
9 isoo 6.47 4.69 ~ Q'I 3.78 
lOkoma 1.74 1.92 1.08 2.75 
11 kornma 1.23 1.57 1.26 3.02 
12 hone 1.87 2.18 2.46 3.14 
13 hoone 1.96 3.26 1.47 5.87 
14 ~aa 1.15 1.62 0.96 1.98 
15 san~a 1.24 1.93 1.09 2.91 
Appendix 7.1 Question marks indicated bv Bee:inners 2 
1) KA14TE D 220% BS 
2) RI14KA D 160% NP 
3) RI07K A D 220% BS 
4) RI14K A A 140% NB 
5) I07S 0 A 180% BS 
6) I07S 0 A 140% BS 
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7) 107S_O D 200% BS 
8) H014N E A 80% NP 
9) K007M A D 60% NB 
10) K014M A A 70% LB 
11) SA07N_A D 60% NP 
12) SA14N_A A 70% LB 
A d" 7 2 p ,ppen 1x . t I b d ercep ua oun ary- ANUl/ ANU2 (d d t test) epen en t-
STIMULI T-test P value 
KA071E_ .608 .5579 
KA14TE_ 1.524 .1619 
RI07KA_ 1.342 .2126 
RI14KA_ 1.105 .2977 
I07SO_ 1.893 .0909 
114SO -1.383 .1999 
KA07T_E 2.775 .0216 
KA14T_E 1.099 .3005 
RI07K_A 1.614 .1409 
RI14K_A 1.57 .1508 
I07S_O 2.764 .022 
114S_O .944 .3697 
H007N_E .535 .6056 
H014N E .374 .7174 
K007M A -.879 .4024 
K014M_A -1.388 .1984 
SA07N A -.271 .7928 
SA14N_A -1.235 .2479 
A d" 7 3 A d" ,ppen 1x . seen ml!: an d d d" escen me series- B . eemners 2 
STIMULI T-test P value 
KA07TE -2.836 .0073 
KA14TE -2.985 .0049 
RI07KA -.578 .5668 
RI14KA -1.807 .0786 
I07SO -1.968 .0564 
114SO_ -1.6 .1178 
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KA07T E 
-2.783 .0083 
KA14T_E 
-1.914 .0632 
RI07K_A 
-2.944 .0055 
RI14K A -3.154 .0031 
I07S_O -2.178 .0357 
1148_0 .474 .6382 
H007N_E -.09 .9291 
H014N_E -.213 .8322 
K007M_A -3.708 .0007 
K014M_A .544 .5895 
SA07N_A -.595 .5551 
SA14N_A 1.453 .1544 
A d" 7 4 Vl d f ppen 1x . ura ion- B . eS?mners 2 
STIMULI F-test P value 
KA07/14TE_ .582 .448 
RI07/14KA_ 3.269 .0745 
I07/14SO_ 2.497 .1182 
KA07 /14T_E. 1.855 .1773 
RI07/14K_A .051 .8218 
I07/14S_O 1.384 .2431 
H007/14N E .795 .3756 
K007/14M_A 1.499 .2245 
SA07/14N_A 1.725 .1931 
A ,ppen d" 7 S A d"t IX . u 1 ory 1m >ress1on- B e2mners 2 
JAP BD BM BS KL KP lB ID NB NP PF 
1 kate1 katee kate1 kate1 kate1 kate1 kate1 kate1 kate1 kate kate1 
2katte1 katte1 katte1 katte1 katte1 katte1 katte1 katte1 katte1 kate1 katte1 
3 katee1 katee katee katee katee katee1 katee katee1 kattee katee katee1 
4rika1 rika1 rika1 rika rika1 rika1 rika1 rikka1 rika1 rika1 rika1 
5 rikka1 rikka1 rikka1 rikka rikka1 rikka1 rikka1 rikka1 rikka1 rikka rikaa1 
6rikaa rikaa1 rikaa rikaa rikaa rikaa rikkaa1 rikkaa1 rikaa rikaa rikaa1 
7 iso1 iso1 iso1 iso1 iso1 iso1 · iso1 iso1 iso1 iso1 iso1 
8 isso1 isso1 iso isso1 isso1 issoo isso1 isso1 isso1 isso1 isso1 
9 isoo1 isoo isoo isoo isoo isoo isoo isoo isoo1 isoo isoo 
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Ob tr I~ l . h s uents owe s-pitc assignment 
JAP BD BM BS KL KP LB ID NB NP PF 
UH lH lH HL lH lH Ill lH l.H lH lH 
2IR HL lH HLL lH lH Ill lH lH Ill Ill 
3IRH lHH lHH lHH lHH lHH lHH lHH lHH HLL lHH 
4HL HL HL HL HL HL IL HL HL HL HL 
5HL HL HL HL HL HL IL HL HL HL HL 
6HI.L Hl.L HHL Hl.L Hl.L Hl.L Hl.L Hl.L Hl.L Hl.L Hl.L 
7IR lH lH HL lH lH Ill lH Ill lH lH 
SIR lH lH lH lH lllH lH lH lH lH lH 
9IRH lHH lHH lHH lHH lHH lHH lHH lHH lHH lHH 
Nasals 
JAP BD BM BS KL KP LB ID NB NP PF 
10koma1 koma1 koma1 koma1 koma1 koma1 koma1 koma1 koma1 koma1 koma1 
llkomma1 komma2 komma1 komma1 komma1 komma1 komma1 komma1 komma1 komma1 komma1 
12 hone1 hone1 hone1 hone1 hone2 hone1 hone1 hone1 hone1 hone1 hone1 
13 honne1 honne1 honne1 honne2 honne1 honne1 honne1 honne1 honne1 honne2 honne2 
14 saga1 saga1 saga1 saga saga1 saga1 saga2 saga1 saga2 sana1 saaa2 
15 sanaa1 sanna2 sanaa1 sanaa1 sanna2 sanna2 sanna'l sanna1 sanna1 sanna1 sanna1 
Ni l . h asa s - pztc pattern 
JAP BD BM BS KL KP LB ID NB NP PF 
lOHL HL HL HL HL HL IL HL HL HL HL 
11 HI.L HHL HHL Hl.L Hl.L Hl.L Hl.L Hl.L Hl.L Hl.L Hl.L 
12LH lH UI UI UI UI UI UI lH UI UI 
13IRH lHH lHH HLL UH UH UH lHH UH UH UH 
14HL HL HL HL HL HL IL HL HL HL HL 
15HLL Hl.L Hl.L HI.L Hl.L HHL HI.L Hl.L Hl.L Hl.L HL 
The pitch patterns shown in bold type indicate inappropriate tone (e.g. Ill...-> LH) 
A ,ppen d" 76 A IX . I vera2e va ues- B e2mners 2 
NO Cl Vl C2 VOT V2 TOTAL 
llcate 34.01 79.88 124.82 22.71 151.48 412.90 
8.85 21.32 27.72 10.13 45.39 66.19 
2katte 33.26 79.75 236.65 20.14 138.02 507.81 
8.40 22.35 66.61 8.84 32.30 81.60 
3 katee 37.53 75.74 144.81 28.30 339.94 626.33 
10.18 23.04 57.55 13.33 46.43 86.23 
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4rika 16.56 69.17 134.36 25.54 130.88 376.51 
4.21 25.44 39.46 8.46 46.61 61.52 
5 rikka 24.02 65.13 248.87 23.08 130.11 491.21 
18.35 26.39 52.51 6.54 50.90 78.16 
6rikaa 27.24 79.59 147.97 30.65 317.57 603.02 
19.74 37.93 61.89 11.71 65.19 84.43 
7 iso 0.00 73.20 141.79 0.00 135.98 350.97 
0.00 15.37 30.60 0.00 47.53 70.17 
8 isso 0.00 93.83 235.63 0.00 139.33 468.78 
0.00 37.28 25.69 0.00 35.16 63.81 
9 isoo 0.00 79.35 169.35 0.00 347.07 595.92 
0.00 27.81 43.16 0.00 57.01 48.50 
lOkoma 48.44 76.05 95.89 0.00 107.49 327.86 
13.12 15.45 33.70 0.00 35.58 56.47 
11 komma 54.36 125.67 246.84 0.00 129.38 556.24 
19.80 61.72 62.82 0.00 30.61 135.27 
12hone 60.58 76.31 100.41 0.00 132.87 370.17 
14.77 16.05 33.90 0.00 33.40 53.40 
13 honne 78.91 97.37 268.42 0.00 152.58 597.27 
26.31 27.44 69.60. 0.00 36.96 102.35 
14 saNa 95.47 91.03 116.02 0.00 123.67 426.19 
35.67 13.63 36.49 0.00 39.22 80.10 
15saNNa 95.46. 112.89 210.10 0.00 130.10 548.56 
30.26 22.22 61.05 0.00 34.01 95.74 
14 saga 87.69 95.79 90.05 0.00 127.01 400.54 
44.43 28.02 35.30 0.00 44.40 118.82 
15 sanga 110.77 108.05 174.53 41.05 128.37 562.77 
50.20 33.59 37.29 6.20 36.86 51.34 
A .ppen d 0 7 7 w d d f f IX . or ura ion ra 10s- B . esunners 2 
WORD JAP BD BM BS KL KP lB LD NB NP PF 
1 kale 100 100 100 100 100 100 100 100 100 100 100 
2katte 142 114 147 115 110 158 114 118 125 121 116 
3 katee 134 103 180 152 178 154 140 149 177 148 155 
4rika 100 100 100 100 100 100 100 100 100 100 100 
5 rikka 151 105 150 111 167 152 113 114 139 121 147 
6rikaa 140 149 157 126 190 190 180 175 167 120 169 
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7 iso 100 100 100 100 100 100 100 100 
8 isso 146 133 129 117 146 160 112 130 
9 isoo 151 183 202 156 234 170 124 180 
WORD JAP BD BM BS KL KP LB LD 
lOkoma 100 100 100 100 100 100 100 100 
llkomma 140 254 276 172 142 150 137 165 
12hone 100 100 100 100 100 100 100 100 
13 honne 150 203 226 145 145 179 166 138 
14 sa1ra 100 100 100 100 100 100 100 100 
15 samza 129 195 159 97 144 111 143 190 
Appendix 7 .8 Long/short contrast ratios- Beginners 2 
C2 
WORD JAP BD BM BS KL KP LB LD 
1 kate 42 25 49 53 72 36 (JO 63 
2katte 100 100 100 100 100 100 100 100 
3 katee 39 26 53 52 65 37 83 79 
4 rika 39 69 39 76 24 30 67 81 
5 rikka 100 100 100 100 100 100 100 100 
6ri.kaa 37 55 48 60 30 30 108 85 
7 iso 48 53 63 75 47 49 66 71 
8 isso 100 100 100 100 100 100 100 100 
9 isoo 49 48 68 82 82 53 71 97 
WORD JAP BD BM BS KL KP lB LD 
lOkoma 39 17 19 43 43 33 35 52 
llkomma 100 100 100 100 100 100 100 100 
12hone 34 35 25 46 30 22 26 72 
13 honne 100 100 100 100 100 100 100 100 
14 sal!a 34 19 74 71 42 82 32 102 
15 samza 100 100 100 100 100 100 100 100 
V2 
WORD JAP BD BM BS KL KP lB LD 
1 kate 47 96 34 42 30 36 49 45 
2 katte 44 34 38 40 30 34 50 41 
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100 100 100 
127 130 176 
157 149 191 
NB NP PF 
100 100 100 
150 121 173 
100 100 100 
128 129 176 
100 100 100 
114 111 203 
NB NP PF 
62 83 60 
100 100 100 
95 84 63 
62 65 52 
100 100 100 
86 56 51 
77 59 44 
100 100 100 
75 89 55 
NB NP PF 
48 74 46 
100 100 100 
54 60 28 
100 100 100 
67 82 33 
100 100 100 
NB NP PF 
36 46 44 
42 61 37 
3 k:a1ee 100 100 100 100 100 100 100 100 
4rika 49 48 64 64 34 31 37 20 
5 rikka 46 39 57 68 29 26 36 26 
6rikaa 100 100 100 100 100 100 100 100 
7 iso 44 27 28 42 27 39 77 30 
8 isso 42 28 27 38 25 42 58 33 
9 isoo 100 100 100 100 100 100 100 100 
Appendix 7 .9 C2/Vl and V2/Vl ratios- Beginners 2 
C2/Vl ratios 
WORD JAP BD BM BS KL KP lB LD 
1 kate 1.68 1.27 1.33 1.15 1.90 1.53 1.31 2.00 
2katte 3.21 3.77 2.01 2.38 3.56 3.73 2.60 3.38 
3 k:a1ee 1.62 1.46 1.23 1.20 2.71 2.00 2.22 2.22 
4rika 1.31 2.08 1.14 1.41 1.65 0.83 2.81 3.44 
5 rikka 2.82 2.98 3.13 2.20 6.86 2.65 5.58 5.33 
6rikaa 1.13 1.13 0.88 1.08 2.11 0.70 4.39 4.44 
7 iso 1.79 1.79 1.65 2.71 2.34 1.22 1.99 2.97 
8 isso 3.01 4.18 2.03 2.89 4.29 1.26 2.16 3.29 
9 isoo 1.75 2.29 1.29 2.20 4.91 1.42 1.53 5.14 
WORD JAP BD BM BS KL KP lB LD 
lOkoma 0.97 0.70 0.89 1.79 1.30 0.61 0.95 1.33 
llkomma 2.13 2.08 1.42 2.49 2.52 1.13 2.44 2.01 
12 hone 1.00 0.67 1.80 1.69 1.04 0.86 0.87 2.94 
13 honne 2.28 1.28 2.78 2.52 4.55 2.85 2.62 3.16 
14 !i:alla 0.63 0.71 0.68 0.96 0.97 1.14 0.74 1.50 
15 san2a 1.66 3.05 1.52 1.76 2.21 1.28 1.92 1.05 
V21Vl ratios 
WORD JAP BD BM BS KL KP lB LD 
1 kate 1.82 4.28 1.50 1.89 1.81 1.61 1.37 1.58 
2katte 1.37 1.10 1.22 1.97 2.50 1.32 1.65 1.55 
3 k:a1ee 3.99 4.95 3.70 4.80 9.60 5.59 3.40 3.09 
4rika 1.62 2.46 1.63 2.21 2.90 1.24 2.24 1.19 
5 rikka 1.24 1.98 1.56 2.81 2.54 0.98 2.96 1.89 
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100 100 100 
35 63 29 
47 70 25 
100 100 100 
38 66 30 
52 64 49 
100 100 100 
NB NP PF 
1.74 1.67 2.10 
3.07 1.85 4.39 
2.40 2.15 1.85 
2.01 2.61 3.81 
3.03 3.94 8.05 
2.70 2.57 2.89 
1.51 1.96 1.88 
1.82 2.42 4.20 
1.42 2.24 2.42 
NB NP PF 
2.00 2.38 1.28 
3.49 2.65 1.57 
1.38 1.92 0.94 
2.72 2.85 3.60 
1.73 1.52 1.25 
2.52 1.60 1.82 
NB NP PF 
1.40 2.31 2.31 
1.77 2.81 2.47 
3.48 6.33 4.39 
1.16 3.34 1.82 
1.45 3.66 1.74 
6rikaa 2.93 3.44 1.59 3.38 8.74 3.39 5.95 7.26 3.18 6.13 
7 iso 1.72 1.52 1.46 1.85 2.20 1.76 2.91 1.48 1.34 2.61 
8 isso 1.33 1.89 1.10 1.31 1.77 0.98 1.57 1.28 1.68 1.83 
9 isoo 3.75 7.89 3.77 3.25 9.91 4.91 2.71 6.21 3.38 2.96 
WORD JAP BD BM BS KL KP lB LD NB NP 
lOkoma 1.54 1.15 1.53 2.28 1.48 1.25 1.81 0.89 1.13 2.19 
llkomma 1.29 1.13 0.58 1.86 1.04 0.78 1.33 1.35 0.99 1.79 
12hone 1.71 1.11 2.87 2.53 1.43 1.66 1.83 1.61 1.52 2.28 
13 honne 1.40 1.66 1.29 2.08 1.42 1.18 1.28 1.82 1.75 2.12 
14 saaa 1.13 1.70 1.36 1.60 1.48 1.02 1.32 0.90 1.20 1.89 
15 san2a 0.94 1.27 1.17 1.21 1.58 1.13 1.11 0.82 1.25 1.69 
Appendix 7.10 Misjudgment results 
Th b f ds 0 th . . d t b f: e num er o wor WI IDISJU ll men e ore th I e esson (I earners 
BMl BDl LDl 
Accuracy ( % ) 60.0 53.3 75.6 
No. of err(jrs 18 21 11 
kate 4 4 0 
rika 6 6 2 
iso 4 6 3 
koma 2 1 2 
hone 2 3 1 
saga 0 1 3 
The details of misjudgment before the lesson (learners) 
BMl 
Types of error Examples 
Short-> Long (C2) kate (3), koma (1), rika (1) 
Long -> Short (C2) rikka (2), isso (1), komma (1) 
honne (1) 
Short -> Lonit (V2) NIA 
Long -> Short (V2) katee (1), rikaa (1) 
not sure hone (1), isso (1) 
others isoo->isso (l), isso->isoo (1) 
rikaa->rikka (2) 
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4.90 
1.56 
2.48 
5.35 
PF 
0.73 
0.71 
1.17 
1.46 
0.94 
0.66 
) 
BDl 
Types of error Examples 
Short -> Long (C2) kate (3), iso (3), koma (1) 
hone (2), sanga (1) 
Long -> Short (C2) isso (1 ), honne (1) 
Short -> Long (V2) rika (1) 
Long -> Short (V2) rikaa (2) 
not sure katte (1), rika (1), rikka (1) 
rikaa (1), isso (2) 
others NIA 
LDl 
Types of error Examples 
Short-> Long (C2) rika (2), iso (1), koma (2), hone (1) 
saga (3) 
Long-> Short (C2) isso (2) 
Short -> Long (V2) NIA 
Long -> Short (V2) NIA 
not sure NIA 
others NIA 
The details of misjudgment before the lesson (NS) 
NS (BMl) 
Types of error Examples 
Short -> Long (C2) kate (8), rika (4), koma (4), hone (2) 
Long -> Short (C2) katte (4), rikka (7), isso (13) 
komma (7), honne (6) 
Short -> Long (V2) rika (1) 
Long -> Short (V2) katee (4), rikaa (10), isoo (3) 
not sure kate (9), katte (12), katee (10) 
rika (2), rikka (8), rikaa (7) 
iso (2), isso (2), isoo (5) 
koma (6), komma (11) 
hone (3), honne (10) 
others isso -> isoo (1) 
NS (BDl) 
Types of error Examples 
Short -> Long (C2) kate (15), rika (17), iso (1), koma (2), 
hone (1) 
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Long -> Short (C2) isso (5), honne (11), sanga (15) 
Short -> Long (V2) iso (11) 
Long -> Short (V2) NIA 
not sure kate (3), katte (4), katee (5) 
rika (1), iso (4), isso (5), koma (9) 
komma (4), hone (7), honne (7) 
saga (2), sanga (3) 
others rikaa -> rikka (18), isso -> isoo (8) 
NS (LDl) 
Types of error Examples 
Short -> Long (C2) kate (16), rika (17), iso (16) 
koma (9), hone ( 11 ), saga (7) 
Long -> Short (C2) honne (1) 
Short -> Lon11: (V2) NIA 
Lon11: -> Short (V2) isoo (1) 
not sure kate (2), katte (1), katee (10) 
rika (1), rikaa (13) 
iso (1), isso (3), isoo (9), 
koma (6), hone (5), honne (6) 
saga (11), sanga (5) 
others katee -> katte (8), isoo -> iso (5) 
Th b f e num er o d "th .. d wor s w1 mISJU il t ft th I men a er e esson (I earners ) 
BM2 BD2 LD2 
Accuracy ( % ) 86.3 80.4 98.0 
kate{3X3) 1 6 0 
rika (3X3) 4 3 0 
iso (3X3) 2 1 1 
koma(2X3) 0 0 0 
hone (2X3) 0 0 0 
saga (2X3) 0 0 0 
not sure 1 4 0 
BM2 
Short->Long(C2) rika (1) 
Long->Short(C2) katte (1), rikka (1), isso (2) 
Short->Lon11:(V2) rika (1) 
Long->Short(V2) rikaa (1) 
not sure rikaa (1) 
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BD2 
Short->Long(C2) NIA 
Long->Short(C2) katte (1), katee (1), isso (1) 
Short->Long(V2) kate (2) 
Long;->Short(V2) rikaa (1) 
not sure kate (1), katee (1), rika (1), rikka (1) 
LD2 
Short->Long(C2) NIA 
Long->Short(C2) isso (1) 
Short->Long(V2) NIA 
Long->Short(V2) NIA 
not sure NIA 
The details of misjudgment after the lesson (NS) 
NS (BM2) 
Types of error Examples 
Short-> Long (C2) kate (3), rika (1), iso (3), hone (2) 
Long -> Short (C2) katte (2), isso (9) 
Short -> LonJt (V2) rika (2) 
LonJt -> Short (V2) katee (1), rikaa (11) 
not sure katte (2), katee (5), rika (5), rikaa (4) 
isso (3), isoo (2), koma (3) 
komma (4), hone (1), honne (1) 
others NIA 
NS (BD2) 
Types of error Examnles 
Short -> Long (C2) kate ( 1 ), rika (7), iso ( 1 ), koma ( 1) 
Long-> Short (C2) rikka (7), isso (3), komma (4) 
Short -> Lon2 (V2) kate (11 ), rika (1) 
Long -> Short (V2) katee (2), rikaa (4) 
not sure kate (3), katee (3), komma (11) 
honne (2), saga (3) 
others katee -> katte (1) 
NS (LD2) 
Types of error Examples 
Short-> Long (C2) kate (4), rika (17), iso (4), koma (3) 
hone ( 6), saga (3) 
Long-> Short (C2) sanga (5) 
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not sure 
•••• (~atit) 
[a] 1. 1P c" (jfj) fy 1' 
corner ka do 
2. 71- F (71- r') JJ 1' 
card ka a do 
fy 
.P pl') 3. tp. t" (jfj) t 
71 - F ( 71 - r-~) ka do to ka a do 
t.l: * .l fr> 
4. 1pt" (PJ) ~::~f!J~tf ~ i Lt.:o 
t.l: * .l :fr> 
5. 71-r (71-r) ~:: ~ ftJ ~ff ~ i L t.: o 
[i J 1. -;-r (:1&00) 1' 1' 
map 
chi zu 
2. 7--:A (7--:A) JJ 1' 
cheese 
chi i zu 
1' 1' j)JJ 3. -;-r (:1&00) t 
7--X (7--X) 
chi ZU to chi zu 
-:>U. 1 .l 
4. f}L<l)J:J::l?f (:J&@) -/J{~t) iTo 
?<.l 1 .l 
5. fJL<l) J:J:: 7- - X ( 7- - X) -/J{~ tJ ii" o 
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~ J [u) 1. ~-t--? (-~) 
transportaion yu so 0 
2. ~-? -t--? (!$~) [1 
postal yu u so 0 
~ J 1' 3. ~-t--? (fig~) c 
~-? -t--? (!$~) yu soo to yu u so 0 
4. 1J-.'2l, ~ ~ -t- -? (f*~) Li To 
5. 1JvfQ. ~ ~ -? -t- -? (!$~) L;To 
[e) 1. A..~ ($~) 1' 1' 
room he ya 
2. A...\t'~ (~If) [1 
plain he e ya 
3. A..~ ($~) c 1' 1' .h [1 
A...v'~ (~If) he ya to he e ya 
07' 
4. ~v'A...~ ($~) '1:Tno 
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IJ ( 
to ri 
2. t :j3 lJ (@ IJ) 
avenue to ri 
;r, ;r, j) [1 3. t VJ (,~) t 
t:B VJ (ill! IJ ) to ri to to ri 
. 4. t I') C~) I') i 0 
t;, 
t IJ ( IJ ) IJ i 
fl' 
- r ~v'i Lf.::o 
!t v1 .:: T 
2. 2 :r ~ ~:t -1:t~~:r ~ --r:-t o 
Si" ~;l !! 
3. i& ~ 0) J:J: - ;;:(ii~~ v~ -c VJ i 
~\I\ ~ !:f .i5 ~ t> \{!. 
4. tifO) § ~±::k ~ < -COJ~v'-eT o 
V'-? l J:. .; \I' -::i r_. J:. < 
5. -~-~~:~G Li L J: -Jo 
.t t: J: ? r:. tr/J>. ...,, 
6. izg~~:taIB~Jfil~~=~-T~ i""to 
1: ~ I:!! 
7. ,~il~:ii tJ ~:t-: < ~ lvv) i To 
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•••u (~Jf.tf) 
~ i (~) fy fy [m) 1. 
Mr.Mrs.Ms. 
sa ma 
2. ~Iv i (tJOJf!A) [1 
mackerel pike 
sa m ma 
fy fy fy 3. ~i (~) c 
~Iv i (fk7Jf!A) sa ma to sa m ma 
,, 
4. ~ i ( ~) c ~ "' i Lt..: o 
" 5. ~!vi ( fk7J ffe..) c r:::r v'i L.t..:o 
[nJ 1. "' c~ (#-P) 1' 1' 
a well do 
2. 1::.--r- JJ 1' 
India n do 
1' 1' 3. "' c~ (ff.p) c 
1::.--r- do to n do 
" 4. "' c~ (ff.p) i 't"~l" ~ i -to 
" 5. 1 ::.-- r i 't"~T ~ i -to 
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1' 1' 1' [gl 1. :0~,r ~ ()!§.lit) 
radical ka ~ ki 
[1 1' 1' 2. :0~1v£f ~ (~lit) 
be moved ka n ~ ki 
1' 1' 1' 1' [1 1' 1' 3. :0~,r ~()!§.lit) c 
'IP Iv £f ~(~lit) ka ki to ka n ki 
..., I: 
4. £,j:;O~£f ~ (~lit) "'C" lf.:o 
...,I! 
5. £,j:~~lv£f ~ (~lit) l ~ lf.:o 
[1 ·1' [g) 1. ~Iv~' (~) 
apple 
ri n go 
1' J 2. ;,.~~1v (~m) 
orange 
mi ka n 
[1 1' 1' )> J 3. ~ 1v::: (~) c 
;,.1p1v cfim) 
ri n go to mi ka n 
t:. 
4. ~ 1v::: C*•) ~it A;;.'* l t.: 0 
t:. 
5. ;,.:0~1v c~m> ~jtA;;. ~ lf.:o 
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l;l'lv:::'i~lv ~Iv 1 
1. B$Mi1Jf,i<l) :t3:6~fi>{l'J<]J ffe._ "(" ~± ~ i ~= ~ ; ~ "\ J: 0 
,, ~ 
2. 1 ::,...- r<l)*lJJJ± e:~n < t? v'"t"i"":6~o 
,,.. 11 ~ ·~ ,,.. Iv 11 ~ 
3. -t-<l)=- :r. -A~: '±~mti* 1b ~mt Li Lt.:o 
htJ- htJ-lv ~ 
4. ~w~ lv'±~:ftt~it~i Lt.:o 
..... ( ~-l}) 
Al'\1 (Al'\-{) 1' 1' 1' [p) 1. 
spy SU pa 
T--J '!"' (ft.l--J '!'-'') f> 1' 1' 2. i 
sour SU p pa 
1' 1' 1' 1'1' 1' 1' 3. _;(;'\-{ c i 
T--J '!"' (.--J ':rv-~) SU pa to SU p pa 
11 b 
4. A / '\ 1 t!. c .W. --J t.: t;i .. 7 7 1 7 "t" Lt.: o 
11 b 
5. T--J '!"' <•--J ':!"') c .!, --J t.: ; .. v .:t:- ::..- "t" L t.: o 
[t] 1. "'-r (@--C) 1' 1' 
to stay re 
1' 1' 2. "\ --J "( 0T--J -C) i 
to go 
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to 
,, £ 
4. $FJJ ~: "' ($-C) < ~ "'o 
,, * 
5. 5rJJ ~= '-'' "".:) -c (fr-? ) < ~ v-:to 
[kJ 1. 
time ji ka n 
2. (~~) 
true ji k ka n 
l 
tJ 
FJJ) t i 
".:) (5t~) ji ka n to ji ka n 
t ~ 
4. ci;(J)~ ~;;t iJ• (~FJJ) iJ{ci; ry ~ I: L t-:o 
I:~ 
5. a;(})~'± t: '? iJ"' (~~) -1,){3; tJ i ~ -c: L t.:o 
1' 1' 1' [s) 1. v\-tt ~ Gl1iJl') 
ruins 
se ki 
1' 1' 1' 2. v' 0-lt ~ (-it) i 
one (ship) 
se ki 
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se ki to s se ki 
~t:i 
4. N'JO)" \1!" ~ (:itl@l\),jt~ VJ * i" 0 
~t:i 
5. ,fd,jtv~01t~(-~)~ VJ ii"o 
tl~-? (§~) ~ J 1n i. 
self study ji shu u 
2. l:0l~") (~~) ~ J '1 
practice ji s shu u 
~ J. ~ ~ J 3. t L- ~-? (13'!)c '1 
l:-? l ~ ") (~'!) ji shu u to ji s shu u 
f!'y\lfl < 
4. *~"(! t l ~ ") (§'!) ~ l.... i l....f.=o 
f!" II' < 
5. *~"(! t "'? l ~ ") (~'!) ~ L. i lf.=o 
"t "t 
1. 7c<J) 7- J'\ .{ 'iftt-? tfv' ~ O),jtp.f ~ -r!T o 
If\ f \f\ '11:: 'y\ f If'\ 
2. A,.:. .:. ~:,ff§--t"' r~-r: ~rd'.J ~:1=r'? ""( < t!.. f: "'o 
C:'6>1v ~ C:<o'6-lv 
3. 7c Iv~ ~:~rd:J,jt*-f'? t.: c "' ") ~~,jt~ tJ i 1t lvo 
f! ''II' < t'. <> t..,.? ;Lt C: t.. '° ? 
4. :k~O)~fi<l)f!J~: El'!~ l i lf.:o 
,, "'-It~ ~ t:i ,, -It ~ in 
5. -~O),fd"(!jtlld)\~@) VJ i l....f.=o 
tt..lv t->t..lv 
6. 7- -1'\-";1' /' 'it~'L'~:~~ L. i L.f.:o 
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B'ltllU ( i ~·; b L v~ ~ Q)) 
(a) 1. iHi~ Iv (~at~ Iv) )l )l J 
aunt 0 ba sa n 
2. iHi~ ~Iv (.t3t!if!1:~ Iv) )l iJ 
grandmother 0 ba a sa n 
)l )l J )l )l iJ 
3. .t3,i~ Iv C:. .t3,i~ ~Iv 
0 
(i] 1. j3 t ~ Iv ( 18 x ~ Iv) 1' 1' J 
uncle 0 ji sa n 
2. .t3 l:v' ~Iv (.t3t!lX: ~Iv) )l iJ J 
grandfather 0 ji sa n 
1' 1' J )l )l iJ 3. .t3C~lvC:..t3Cv'~lv 
o ji sa n to o ji sa n 
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ji sa 11 ji sa n 
1. ~: (If) 
crab ka ni 
[1 1' 
2. ip 
"' (M~) 
simplicity ka n 
3. 
ka ni to ka n' 
4. 0 
,, 
5. "' (M£) t;; "·'~ £ L o 
1' J [nJ 1. ~ blv (~~~) 
commemoration ki ne n 
1' J 2. ~ blv (fJT~) 
a prayer ki ne n 
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3. ~ Ad~ Iv ( Jl! if.) 
recent years ki n ne n 
J 
4. ~Iv?:.. Iv (~it) 
Non Smoking ki n en 
...... <•-ll> 
)> 
J (y)l. ~ J: "') (i~Jfl) 
skillfulness ki yo o 
2. ~- J: "') (A,B) JJ 
today kyo 0 
)> 
J )1 JJ 3. ~ J: "') (ffffl) t 
~ J: "') (A,B) ki yo o to kyo 0 
?< 
4. ~ J: "') ( ffffl) ~;: f'J: tJ i Lt.: o 
?< 
5. ~ J: "') (A,B) f'J: tJ i Lt.:o 
[y)l. 
beauty parlor bi yo o in 
333 
hospital byo o in 
bi yo o i n to byo o i n 
,, 
4. rJ J:-? v)lv (~§~) i "t:~l' ~ i To 
,, 
5. U'J:.-?v)lv (m~) i"t:tr~ii"o 
; <;, ,, 
1. Jo'!~ Iv c Jot:~ Iv 'i.to &!~~Iv c .tot: v) ~ !v(J)*--"~T ~ i L. t:.o 
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A ppendix 8.2 c omputer Associated Language L earning (CALL) 
j-~if~~~~·,-7 ~ ~0 = = 
Let's learn • • • 
,1~> .. 4 J J ~ 
B*lfO) 1J AA 
• Q • • 
.. 
L•t's go! .. 
-
-_.,. 
~ 
SOUND 
corner 
flover arrangement 
b-f card 
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~ 
SOUND 
map 
cheese 
transportation 
postal 
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~ 
SOUND 
room 
""'- \i~ {> ( ~ff ) plain 
- -
~ 
SOUND !: .t3 i'J ( ift i'J . ) avenue 
!: t'J ( ,e, ) bird 
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~ 
SOUND 
Mr. Mrs. Ms. 
~ Iv ~ ( f'.k n ~~) mackerel 
SOUND 
a vell 
India 
338 
~ 
SOUND -!J~ fu ~f ~ ( •• ) be moved 
-/J~~f ~ (iftlt) radical 
-~- - --
-- -----
SOUND spy 
339 
~ 
SOUND 
to stay (te-form) 
V :\ ~ ~ ( f j ~ ~ ) to go (ta-form) 
SOUND 
time 
I: ~ iJ"). /v ( ~-) true feeling 
340 
~ 
SOUND \i~--:> {t ~ ( -!! ) one (ship) 
\t~{t ~ (jlfj) ruins 
~ 
SOUND C L ~ ? ( EJ W) self study 
C--:> L ~ ? (~~) practice 
341 
~ 
SOUND 
aunt 
, :f3 ~ ! #.} ( fl HJ ) ~ /v grandmother 
SOUND :a c ( f8~)· - uncle 
:f3 C \t ~ (fl~) ~ /v grandfather 
342 
~ 
SOUND 
simplicity 
crab 
a prayer 
Non Smoking 
recent years 
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~ 
SOUND ~ J:? (t§Jft) skillfulness 
~ J:? (~B~) today 
c;s 
SOUND a J: · ? "l ~ · ( ~ ¥f. ~) beauty parlor 
a J: ? "l ~ < M trie) hospital 
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